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The pathological basis for the symptoms of 
Parkinsonism has been the subject of much study 
during the last 35 years. Among the monographs 
devoted to it the most important are those of 
Trétiakoff (1919), Lewy (1923), Foix and Nicolesco 
(1925), Hallervorden (1935), Hassler (1938), and 
Klaue (1940). Four main questions are debated by 
these and other authors : (1) Whether the symptoms 
of Parkinsonism are chiefly due to lesions in the 
corpus striatum and globus pallidus or to lesions in 
the pigmented cells of the brain-stem, especially the 
substantia nigra. (2) Whether the lesions seen in 
cases of idiopathic paralysis agitans are merely the 
common lesions of senility with a special incidence 
on certain groups or types of nerve cells. (3) Whether 
the lesions of idiopathic paralysis agitans are 
specific for the disease or in any way characteristic 
of it. (4) Whether the differences between the 
lesions found in idiopathic, presenile Parkinsonism 
(paralysis agitans) on the one hand, and those seen in 
cases with an earlier onset and especially those 
following an attack of encephalitis lethargica, are 
qualitative or merely quantitative. Our investigation 
has been chiefly directed to finding an answer to the 
last three of these questions. 


Literature on the Nature of the Brain-stem Lesions 
in Parkinsonism 


As the literature of Parkinsonism has Sp%en 
recently discussed in relation to the localization of 
the lesions by Denny-Brown (1946), it is unnecessary 
to go into it from this point of view. It is remarkable 
that neither he nor any other writer in the English 
language mentions the curious and characteristic 
types of cell degeneration which may be found in the 
nuclei of the brain-stem in Parkinsonism. The 
history of these goes back to 1912, when Lewy 
described his findings in idiopathic paralysis agitans. 
He described loss of nerve cells in the lenticular and 
caudate nuclei with neurofibrillary changes in some 
of the remaining cells (Lewy, 1913). In the nucleus 


substantiae innominatae he found fatty and neuro- 
fibrillary changes in the nerve cells, and here as 
well as in the dorsal vagal nucleus there were 
spherical intra- and extra-cellular bodies which he 
likened to the “corpora amylacea” found by 
Lafora (1911, 1913a) in nerve cells in cases of myo- 
clonus epilepsy. It is probable that Lewy’s ext 
cellular bodies were ordinary corpora amy : 
his intra-cellular bodies were shown by Lafora 
(1913b) to differ from those he had previously 
described in myoclonus epilepsy in certain staining 
reactions. Lafora found thenjAin the cells of the 
oculomotor nucleus in one we he figured 12 such 
bodie3. He called them (#aline bodies (“‘ cuerpos 
hialinos ’’) and noted that the peripheral unstained 
zone was anisotropic. These corrections were 
accepted by Lewy in his later monograph (1923). 
Trétiakoff (1919), who found constant lesions in the 
substantia nigra in nine cases of idiopathic paralysis 
agitans, appears to have been the first to see these 
inclusions in the pigmented cells of the mid-brain. 
He called them Lewy bodies (‘‘ corps de Lewy ’’). He 
described other forms of cell degeneration, e.g., 
loss of melanin pigryen, swelling, and chromatolysis 
of the pigmented e cells going on either to 
acute hyaline degeneration or to granular degenera- 
tian, or in other cases to what he called “ dé- 
générescence grumeleuse’’. In this form of de- 
generation the nucleus disappears and the cyto- 
plasm takes on the appearance of granules and is 
surrounded by a thin, brilliant envelope formed, as 
he thought, by neuroglial fibrils. In other cases he 
saw appearances which he interpreted as fragmenta- 
tion and hypertrophy of neurofibrils in the cells. 
Occasional binucleated nerve cells and rare vacuo- 
lated nerve cells were also seen. It is noteworthy 
that he as well as Lewy and Lafora used variants of 
Mallory’s trichrome method. Most later workers 
appear to have been content with Nissl’s method or 
one of its variants and silver impregnation by the 
methods of Bielschowsky or von Braunmiihl. 
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Foix and Nicolesco (1925) also found ** absolutely 
constant ” lesions in the substantia nigra in cases of 
idiopathic paralysis agitans (‘‘ la maladie de Parkin- 
son proprement dite ’’). They described shrinkage 
of the pigmented cells and chromatolysis with dis- 
placement of the nucleus. “It is not rare to find in 
degenerated cells one or more endo-protoplasmic 
vacuoles.” ‘* Ghost cells *’ were seen. In silver- 
stained sections neurofibrillary changes were seen 
and also “‘ inclusions endo-cellulaires de la taille d’un 
corps amylacé’’. In the locus coeruleus neuro- 
fibrillary changes were easily seen. The pigmented 
cells of the dorsal vagal nucleus were also 
degenerated, often with vacuolation, by contrast 
with the non-pigmented cells in this nucleus which 
remained healthy. Vacuolation, neurcfibrillary 
changes, and cellular inclusions were also seen in the 
substantia innominata of Reichert. It appears from 
this description that cellular inclusions were only 
seen in sections stained by silver, and it is probable 
that the “‘ vacuoles ’’ described in sections stained 
by Nissl’s method were really of the same nature. 

Fényes (1932) described neurofibrillary tangles in 
a 28-year-old woman with post-encephalitic Parkin- 
sonism. This change was not seen in the substantia 
nigra but was found in many other nuclei of the 
brain-stem. He gives beautiful illustrations of 


Bielschowsky preparations. 


Hallervorden (1933, 1935) studied the brains of 
21 cases of post-encephalitic Parkinsonism and 
constantly found neurofibrillary changes in the 
substantia nigra and also usually in the tegmentum 
pontis. Senile plaques were never seen in these 
cases and similar changes in the cortical nerve cells 
were very rare. In patients over 50 spherical 
inclusions (Kugeln) sometimes with concentric 
lamination (Schichtung) might also be seen. They 
were present without accompanying neurofibrillary 
change in three patients aged 58, 59, and 61 at 
death ; apparently these also were post-encephalitic 
cases. Hallervorden thought that these ‘‘ Kugeln”’ 
resembled the argentophilic ball-like ‘ inclusions ”’ 
seen in Pick’s disease, in which they may also be 
found in the brain-stem. He considered them part 
of a process of ageing and no more specific for 
Parkinsonism than the neurofibrillary change. 

Hassler (1937) mapped the various cell groups of 
the substantia nigra and then (1938) studied the 
pathology of Parkinsonism in relation to this and 
to the normal senium. His material consisted of 
nine brains from cases of presenile paralysis agitans 
in the collection of the Vogts, 10 cases previously 
described by the Vogts under the name of “‘ status 
desintegrationis ’’, and 11 cases of post-encephalitic 
Parkinsonism. In two cases of the first group the 
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corpus striatum was quite intact, but in other cases 
changes in the striatum were related in severity to 
the tremor. In three cases the globus pallidus .\so 
was intact. In other cases lipoid excess or other 
degenerative changes were seen, but were no more 
severe than in other senile brains. The nucleus 
substantiae innominatae showed severe cell loss in 
one case, and constant change of slighter degree, 
but more severe than that of the normal senium, in 
the others. Loss of many cells and severe de- 
generative changes in those that remained was 
found in the locus coeruleus in every case. He 
associated these changes with the symptoms in the 
autonomic system found in Parkinsonism. The 
dorsal nucleus of the vagus also showed severe cell 
loss in the one case in which it could be examined. 
The substantia nigra seemed to him to be more 
related to the disease than any other grey matter, as 
judged by the extent, severity, and constancy of the 
lesions in this nucleus. The chief brunt of the attack 
fell on the central cell groups at all levels of the 
stratum compactum. Some of these groups were 
completely destroyed in every case; others con- 
tained about half their normal quota of cells. The 
cases previously described by the Vogts showed very 
similar changes. In the post-encephalitic cases also 
the substantia nigra was more severely damaged 
than other grey nuclei. He described in considerable 
detail corpora hyaloidea, like those seen by Lewy 
in the dorsal vagal nucleus, saying that he had never 
seen these structures in normal senile brains. 
Lamination was seen in many, and a central knot 
staining light blue with cresyl violet was sometimes 
seen in the inclusions in the locus coeruleus. Though 
he did not consider these bodies to be specific for 
paralysis agitans, he considered that their presence 
weakened the theory that the pathogenesis of 
paralysis agitans was simply a special localization 
of the usual processes of senescence. (Hassler’s 
findings have been described at some length both 
because of the thoroughness of his work, and 
because very few copies of the journal containing it 
exist outside Germany.) 

Klaue (1940), working in the laboratory of 
Spatz, attacked the question of whether the lesions 
of paralysis agitans could be distinguished from 
those of post-encephalitic Parkinsonism. He also 
described the inclusions in the substantia nigra and 
locus coeruleus, and saw a concentric pattern in 
those in the locus coeruleus, but found no difference 
in this respect between the two diseases. He was 
unable to find neurofibrillary changes. His work 
confirmed that of Hassler regarding the constancy of 
cell loss in the substantia nigra compacta ; this he 
found to be greatest (a) in the caudal part of the 
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nucleus, in islands of cells lying between better 
preserved medial and lateral groups, and (b) in the 
oral part, in the most medial cell groups. He con- 
cluded that the changes in idiopathic, and those in 
post-encephalitic, Parkinsonism only differed quan- 
titatively ; he found no qualitative difference. 

Von Braunmiihl (1949) has recently confirmed 
Hallervorden’s opinion on the constancy of neuro- 
fibrillary changes in post-encephalitic Parkinsonism 
and the presence of inclusions (Kugeln) especially 
in older subjects and also, in his opinion, in younger 
patients in whom the original attack of the disease 
was specially severe. Neurofibrillary changes were 
found in post-encephalitic cases in order of frequency 
in the substantia nigra, locus coeruleus, tegmentum 
pontis, corpora quadrigemina, hypothalamus, nuclei 
round the third ventricle, corpus Luysii, nucleus 
ruber, pallidum, corpus striatum, nucleus dentatus, 
cornu Ammonis, insula, and lastly the rest of the 
cerebral cortex. Both neurofibrillary changes and 
spherical inclusions were considered to be due to a 
process of synaeresis which might affect at an 
unusually early age nerve cells which had been 
subjected to inflammation. 

Spherical inclusions in the nerve cells of the 
substantia nigra were described in the American 
literature by Helfand (1935) and in the French by 
van Bogaert (1939-40) in cases of status pigmentatus 
(Hallervorden-Spatz disease) but neither author 


gives sufficient details of the staining reactions of 
the bodies to make possible any decision as to their 
nature. Davison (1942), in describing eight cases of 
idiopathic Parkinsonism, describes ‘* vacuolization ” 
of cells in the zona compacta substantiae nigrae, 


but his Fig. 126 shows a definitely concentric 
structure within a “* vacuole ” 
Beheim-Schwarzbach (1952) examined the locus 
coeruleus in 36 brains from patients with a Parkin- 
sonian syndrome and in 30 other senile and presenile 
brains from the Vogt collection. In all the 16 
brains, which showed the nigral changes typical 
of true paralysis agitans, “* Masson-positive-vacuoles”’ 
(i.e. cytoplasmic inclusions with a _ red-staining 
central core) were present in the pigmented cells 
of the locus coeruleus. They were not found in 13 
cases of post-encephalitic Parkinsonism nor in 
seven cases of ‘supra-nigral’’ Parkinsonism. 
Neurofibrillary changes of Alzheimer type were 
found in four cases of true paralysis agitans and in 
all the 20 other cases of Parkinsonism. ‘‘ Masson 
positive vacuoles *’ (Lewy inclusions) were found in 
the locus coeruleus of a patient with “ presenile 
status marmoratus” aged 59 at death, and in 
nine brains from other patients aged from 76 to 100 ; 
most were from patients who died in mental 


215 


hospitals, but the 100-year-old patient was stated 
to have always been healthy. In 19 of the 30 control 
brains Alzheimer neurofibrillary changes were 
present ; they were combined with Lewy inclusions 
in six senile brains. 


Material and Methods 


Our material consisted of 19 cases of idiopathic 
paralysis agitans, 10 cases with a history of an 
attack of encephalitis lethargica, and five atypical 
cases. As our examination appeared to show some 
differences in histological changes between idio- 
pathic and post-encephalitic Parkinsonism it was 
important that the clinical diagnosis should be 
as exact as possible. Our idiopathic group is 
fairly uniform but includes one case, with a constantly 
positive Wassermann reaction, in which, however, 
no obviously syphilitic lesions could be found in 
the brain, and one case in which abundant senile 
plaques, typical of Alzheimer’s disease, were present 
in the cortex and thalamus ; none of the changes of 
Alzheimer’s disease were found in the brain-stem, 
where the lesions were similar to those seen in the 
other cases of uncomplicated paralysis agitans. We 
have limited the post-encephalitic group to cases 
with a definite history of encephalitis lethargica 
between the years 1918 and 1924. 

There were left five atypical cases of Parkinsonism. 
In one of these (No. 33) which has already been 
published (Critchley and Greenfield, 1948) symptoms 
of Parkinsonism appeared in the course of olivo- 
ponto-cerebellar degeneration. There were two 
cases (Nos. 31 and 32) of amyotrophy associated 
with Parkinsonism. In No. 31 there was a history of 
forced adversive movements of the eyes (? oculogyric 
crises) but no history of encephalitis. In No. 32 
symptoms of Parkinsonism had come on 23 years 
previously, two years after a short febrile illness in 
1926 which left diplopia for some months. This 
may have been encephalitis lethargica or dissemin- 
ated -sclerosis, of which a few apparently typical 
plaques were found in the brain and cord. The 
amyotrophy in this case was due to hypertrophic 
neuritis of the Dejerine-Sottas type. These two 
cases will be the subject of independent reports. 

The other two cases (Nos. 30 and 34) are put into 
the atypical group less for clinical reasons than 
because the lesions in the substantia nigra were 
very severe and resembled those of the post- 
encephalitic cases, although the duration of 
symptoms was quite short (two and three years). 

As controls, we examined the brain-stems of 19 
patients dying between the ages of 50 and 88 years. 
All had signs of disease of the central nervous 
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system, but no clinical evidence of Parkinsonism 
(Table V). 

Some of our material consisted of celloidin 
sections from post-mortem cases at the National 
Hospital, Queen Square, before 1939. In these 
cases no material was available for staining methods 
other than those already used, which were, in all 
cases, a Nissl stain with toluidin blue or thionin, 
and iron haematoxylin with van Gieson. In some 
cases Mallory’s phosphotungstic acid haematoxylin 
had also been used. 

In the post-war material a larger range of staining 
techniques was used on paraffin or celloidin sections. 
Various silver techniques were used when neuro- 
fibrillary tangles were seen or expected. Lendrum’s 
phloxin-tartrazine method and Heidenhain’s azan 
were found to be of special service in demon- 
strating the concentric character of some of the 
spherical inclusions, which was also shown up 
remarkably well by Masson’s trichrome stain. 
Haematoxylin and eosin was also quite useful for 
this purpose. 


Site of the Main Cell Changes 


Basal Ganglia.—We have examined the mid-brain 
and pons more thoroughly than the basal ganglia 
and have omitted examination of the frontal cortex 
(area 6) in which Benda and Cobb (1942) found 
constant lesions. An accurate assessment of the 
degree of damage to the basal ganglia, as of that to 
the brain-stem, can only be obtained by careful 
quantitative studies made on serial sections in well 
defined planes, and compared with exactly similar 
sections of normal cases in the same age group. 
We have not attempted this for the basal ganglia, 
but have examined sections of this region of the 
brain in most of our cases both of idiopathic and 
post-encephalitic Parkinsonism as well as in cases of 
other diseases associated with involuntary move- 
ments. This examination has shown the lesions in 
the basal ganglia in our cases of idiopathic Parkin- 
sonism to be slight by comparison with those in the 
brain-stem, and to differ in no respect from those 
found in many senile and presenile brains from 
cases with no symptoms of Parkinsonism. In post- 
encephalitic cases the lesions in the basal ganglia 
are often more definite, but in them also they are 
much slighter than those in the substantia nigra. 
In this we agree with most of those who have worked 
on the subject during the past 25 years, that is in the 
period since the frequency of vascular and peri- 
vascular lesions and of some degree of cell loss in the 
globus pallidus and corpus striatum in older 
subjects has been recognized. 
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Substantia Nigra and Locus Coeruleus.—There is 
general agreement that in post-encephalitic Parkin- 
sonism the substantia nigra is severely damaged and 
in some cases is reduced to a glial scar in which very 
few pigmented cells can be seen. In idiopathic 
paralysis agitans the lesions in the substantia nigra, 
although usually less severe than in post-encephalitic 
cases, are always very evident when the various cell 
groups in this nucleus are compared with the normal 
(Fig. 1). They also show a remarkable constancy 
both in the localization and in the nature of the 
degeneration in these pigmented nerve cells. All 
writers seem to be agreed that the cell loss is 
greatest in, or may be confined to, the zona com- 
pacta. Hassler found the greatest and most constant 
cell loss in the cell groups lying in the ventro- 
internal part of the lateral half of the zona compacta. 

We were only able to use serial sections in two 
cases of idiopathic paralysis agitans. These, when 
compared with serial sections of the mid-brain of a 
patient of the same age, showed great cell loss in the 
parts of the substantia nigra compacta emphasized 
by Hassler, and also extending beyond these cell 
groups. In the other cases we could examine 
sections at one or two levels only. In these the cell 
loss varied greatly in degree but was usually con- 
siderable. Characteristically, especially in the less 
severely affected cases, individual cell groups tended 
to disappear more or less completely, while those 
on either side of them showed only slight or 
moderate cell loss. This localized type of cell loss 
is apt to give a false impression of normality unless 
sections are carefully compared with normal 
sections at a similar level. In a few cases of idio- 
pathic type and in many post-encephalitic cases, 
the cell loss was so great that very few pigmented 
cells were left in the substantia nigra. There was 
usually also some cell loss in the locus coeruleus, 
but this was considerably less than that in the sub- 
stantia nigra. The nucleus pigmentatus tegmento- 
peduncularis (Riley, 1943) or ‘‘formation cupuli- 
forme ”’ (Foix and Nicolesco) which cups the red 
nucleus and is considered to be an outlying part of 
the substantia nigra, also showed lesions in some 
cases. 


Types of Change Seen in Nerve Cells of the 
Brain-stem 


Five main types of change were seen in the nerve 
cells of the brain-stem, especially the pigmented 
cells of the substantia nigra and locus coeruleus. 
These correspond with those found by earlier 
authors, although some authors confine their 
description to one or two of these types. 
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Fic. 1.—Substantia nigra at level of emergence of oculo-motor nerve. 


(a) Case 4. (6) normal, aged 52. Nissl stain. Note the three main 


groups in the lateral half of the stratum compactum in the normal ; these have lost most of their nerve cells in the case of idiopathic 


paralysis agitans. 
M = medial. V = 


ventral. L = lateral. 

Saccules of Lipochrome Granules.—Saccules of 
lipochrome granules were often seen, especially in 
post-encephalitic cases. These may be about the 
same size as the normal pigmented cells in their 
vicinity, or may be considerably larger up to 60 x 
40 u (Fig. 2). They have a sharply defined outline 
which is probably formed by the surrounding 
neuroglial tissue. Although in many it is difficult 


Fic. 2.—Case 21. Saccule in substantia nigra. 
Haematoxylin-van Gieson. x 500. 


to be certain that no nucleus is present, as the size 
of the saccule would allow the nucleus to be above 
or below the plane of the section, a few examples 
were seen containing the ghosts of nuclei, indicating 
that the nucleus degenerates and disappears. They 


contain no melanin. These saccules appear to 
correspond to the “‘ dégénérescence grumeleuse ”’ of 
Trétiakoff, who considered this change to be peculiar 
to the cells of the substantia nigra. As his thesis 
was written during the early years of the epidemic 
of encephalitis lethargica and before cases of the 
type later known as post-encephalitic Parkinsonism 
were recognized, it would appear that he found this 
change in cases of idiopathic paralysis agitans. In 
our material granular saccules were most numerous 
in post-encephalitic cases. 

In many cases of all types of Parkinsonism the 
cells of the substantia nigra and locus coeruleus 
contain an excess of lipochrome granules which 
may collect in a rounded mass between the nucleus 
and the melanin or even among the melanin granules. 
The formation of saccules appears to be a further 
development of this process, and it is difficult to 
decide at what stage the range of normality is 
exceeded. For this reason we did not attempt to 
decide in which cases saccules were present and in 
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which they were absent. When, however, fairly 
numerous oval or rounded saccules containing 
nothing except lipochrome granules were found, 
the appearances were evidently abnormal. Such 
cases are noted in Tables III, IV, and V. 

Since Trétiakoff’s thesis, lipoid swelling of nerve 
cells has been noted by several writers on Parkin- 
sonism but always without emphasis. As von 
Braunmiihl suggests, it may be one of the ways in 
which nerve cells, camaged by the virus of en- 
cephalitis lethargica, degenerate and disappear. 


Vacuolation of Nerve Cells.—Vacuolation of 
nerve cells also occurred more often in post- 
encephalitic than in idiopathic cases but it was 
always quite a rare finding. This also is in agreement 
with Trétiakoff, who used various staining methods 
including a variant of Mallory’s connective tissue 
stain and haematoxylin-eosin. Later workers, 
(e.g. Foix and Nicolesco) who relied more on 
Nissl’s method, seem to lay more stress on vacuo- 
lation. Some confess that it is difficult to be certain, 
by this method, whether a vacuole does or does not 
contain a solid mass of acidophil protein, that is a 
hyaline inclusion of Lewy. However we found 
vacuoles in some cases (e.g. Case 31, F.W.) in which 
Lewy’s inclusions were not seen in any of the pig- 
mented cells as well as in cases of our control group. 
These vacuoles, which usually lie under the cell 
membrane, may be as large as, or even larger than, 
the nucleus. Vacuolation of this kind is a common 
finding in chromatolytic cells in the ventral horns of 
the spinal cord, and may be to some extent a 
fixation artifact. In our cases vacuoles were found 
so rarely that they were not considered of much 
importance. 


Binucleated Nerve Cells.—Binucleated nerve cells, 
which also have been mentioned by other workers 
on Parkinsonism, were seen in the substantia nigra 
in three apparently post-encephalitic cases, one of 
which (No. 22) was also syphilitic (Fig. 3). One 





Fic. 3.—Case 31. 
substantia nigra. 


Binucleated nerve cell in 
Nissl stain. 
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was also seen in the nucleus pontis in a case of 
idiopathic paralysis agitans. Binucleated Purkinje 
cells have been frequently seen in congenital and 
acquired syphilis and binucleated cortical nerve cells 
after cerebral trauma by Rand and Courville (1946) 
and by one of us (J.G.G.). If therefore seems 
probable that adult nerve cells may undergo this 
form of incomplete amitotic division when they are 
subjected to various types of noxa. 

We do not consider any of these three types of 
change in any way specific for Parkinsonism. 


Lewy’s Spherical WHyaline Inclusions.—Lewy’s 
spherical hyaline inclusions appear as rounded or 
oval condensations of cytoplasm, with a more or less 
concentric appearance. They always have a pale 
outer zone or halo of lighter staining, and many of the 
larger inclusions also contain a sharply defined 
core which is strongly acidophilic. These inclusions 
usually lie among the melanin granules which they 
seem to displace, but they may also be seen in cells 
containing little or no pigment. They are often 
single but several small spherical bodies may be 
seen in one cell. They vary in size from 5 to 25u. 
They appear quite non-granular and are thus 
distinguished from the rounded collections of 
lipochrome granules which have already been 
described. Their staining reactions are given in 
Table I. With toluidin blue or thionin, as used in 
the routine stain for Nissl granules, they are usually 
entirely unstained, but in some we may see a faint 
sky blue central core which contrasts in colour with 
the more purple Nissl granules and nucleo-protein 
(Hassler’s ‘‘ hell-blau Metachromasie’’). In frozen 
sections stained with toluidin blue and mounted 
without passing through alcohol they may stain 
purple (8 metachromasia, Pearse, 1953). 

It is easy to miss the smaller inclusions with the 
Nissl stain, especially those which lie near the margin 
of the cell, and we have preferred cytoplasmic 
stains, especially those in which different colours 
correspond to different degrees of acidophilia, 
such as Heidenhain’s azan, Masson’s trichrome 
and Lendrum’s phloxine-tartrazine. With all these 
methods the central core stains bright red, while 
the rest of the inclusion takes the more neutral 
colour, blue, green, or yellow, but always shows a 
paler outer halo (Figs. 4-7). We have been unable 
to see any anisotropism in this outer zone by any 
technique we have been able to use, e.g., frozen 
sections and different mountants. With haema- 
toxylin and eosin also the central core stains more 
brightly red than the periphery. With iron haema- 
toxylin and van Gieson, and with Mallory’s 
phosphotungstic acid haematoxylin (Fig. 8) the con- 
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TABLE I 


STAINING REACTIONS OF INCLUSION BODIES 





Stain or Method 


Main Inclusion Body 


Core when Present 





Haematoxylin-eosin 


[ron haematoxylin—van Gieson 

Heidenhain’s azan 

Masson’s trichrome 

Lendrum’s phloxine tartrazine .. 
Mann’s methyl! blue eosin 

Niss! (toluidin blue or thionin). . 
Toluidin blue, without alcohol .. 


Periodic acid-leucofuchsin (Schiff) 


Congo red 
Mallory’s phosphotungstic haematoxylin 


Giemsa 


Scharlach R. 

Sudan black 

lodine 

Methyl violet 
Ziehl-Neelsen 

Gram 

Bielschowsky 

Prussian blue for iron 
Polarized light 


Phase-contrast 


Pale pink, occasionally concentric zones 
of darker pink 


Yellow, brownish-yellow or pale pink .. 
Deep sky blue 

Green 

Yellow or pale pink 

Blue 

Unstained .. 

Purple 


Not stained (corpora amylacea are 
P.A.S. positive) 


Not stained 
Pink. . 
Pink.. 


Unstained .. 

Unstained .. 

Unstained .. 

No specific staining 

Not acid fast 

Faint mauve or unstained 
Argentophilic 

Negative 

Isotropic 


Pale peripheral zone with darker centre 


Darker pink to mauve 


May stain rather darker 

Red, usually very sharply defined 
Red, usually very sharply defined 
Bright red and sharply defined 
Red 

Pale sky blue 


Not specificaliy stained 


May stain deeper pink or dark blue-purple, 
like nucleolus 


Unstained 


Unstained 


Not stained 
Nothing specific 
May be darker 


Isotropic 


Dark edge with light centre 








Fic. 4.—Case 4. Cell of the locus coeruleus containing 
concentric Lewy inclusion with an unusually large 
central core. Lendrum’s phloxin-tartrazine method. 


Fic. 5.—Case 4. Lewy inclusion in cell of the 
locus coeruleus showing typical concentric structure. 
Heidenhain’s azan method. 
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Fic. 6.—Case 9. Lewy inclusion in locus coeruleus showing 
a dark (bright red) central core in paler (yellow) body. 
Lendrum’s phloxin-tartrazine stain. x 1150. 


Fic. 7.—Case 10. Lewy inclusion in substantia nigra stained 
by haematoxylin-eosin. x 730. 


Fic. 8.—Case 32. Lewy inclusions (one out of focus) in 
cell of substantia nigra. Stained by Mallory’s phospho- 
tungstic acid haematoxylin. 


centric structure of the inclusions is less well seen. 
Although the central core has similar staining 


reactions to the cytoplasmic inclusions seen in 
virus diseases (e.g. Negri bodies) the concentric 
structure of the peripheral zone distinguishes 
Lewy’s bodies from virus inclusions. They do not 
stain specifically either by Schiff’s periodic acid 
stain for polysaccharides or by any of the stains 
for amyloid or lipoid. The nerve cells containing 
the larger inclusions usually show chromatolysis, 
with eccentric nuclei. 

As Hallervorden has suggested that these 
inclusions are related to the rounded argyrophilic 
bodies seen in the nerve cells of the cortex in Pick’s 
lobar atrophy, we have examined the mid-brain 
and pons in two cases of Pick’s disease. In both of 
these there was considerable loss of cells in the 
substantia nigra and many of the pigmented cells, 
both here and in the locus coeruleus, contained 
more or less rounded areas of homogeneous 
cytoplasm. These usually lay against the nucleus, 
which was deformed to a reniform shape and 
pushed against the cell membrane. Such areas 
lay between the nucleus and the melanin pigment, 
and not surrounded by melanin pigment like Lewy 
inclusions. In occasional cells, especially in the 
locus coeruleus, one or more smaller homogeneous 
areas were seen near the margin of the cell. In both 
situations these areas failed to show the halo of 
lighter staining which was so constantly seen in the 
Lewy inclusions ; and in spite of the abundance of 
relatively large rounded homogeneous areas, espec- 
ially in the cells of the substantia nigra, none 
showed any evidence of a central more hyaline core 
(Fig. 9). The differences between Lewy’s inclusions 


Fic. 9.—Pick’s disease, Case 38. Pigmented celi of the 
substantia nigra showing rounded homogeneous inclusion 
typical of Pick’s disease. Haematoxylin-van Gieson. 


and the argentophil bodies of Pick’s disease became 
quite obvious when polychrome stains such as azan 
and Lendrum’s phloxin-tartrazine method were used; 
the confusion between them appears to have arisen 
from the too exclusive use of silver stains. 
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Neurofibrillary Tangles.—Neurofibrillary tangles, 
as seen in the brain-stem, differ in some respects 
from those found in the cortex and hippocampus 
in Alzheimer’s disease. In some of our cases the 
whole mid-brain and upper pons was embedded in 
paraffin, and could not therefore be stained by 
ordinary silver techniques. We used Braunmiihl’s, 
Bodian’s, and Holmes’s methods on this material 
without much success as most of the neurofibrillar 
tangles did not stain so darkly as the surrounding 


Fic. 10.—Case 31. Early neurofibrillary change 
in cell of substantia nigra. Holmes’ silver 
method. 


axones (Fig. 10). In such cases we depended on 
thionin, Lendrum’s method, and Congo red (Divry, 
1934) to demonstrate this change. 

The earliest evidence of alterations in the neuro- 
fibrils was an unusual orientation of the Nissl and 
melanin granules in the apex of the cells of the 
substantia nigra, so that they lay in rows with clear 
lines between them. This appearance resembled 
somewhat the description given by Trétiakoff. At 
a rather later stage one side of the cell appeared 
normal, while the other, instead of Nissl granules, 
contained lines of highly refractile material running 
towards the dendrites (Fig. 11). At a still later stage 


Fic. 11.—Case 31. Early neurofibrillary change in one side 
of a cell in the substantia nigra. Nissl stain. 


the whole cell became filled with a tangled skein of 
fibrillar structure which was haematoxophilic in 
varying degree. A few scattered melanin granules 
might be seen in or around the cells at this stage, 
and their presence might be helpful in finding these 
cells. At this stage the cell was usually rounded, 
oval, or triangular with a well-defined outline ; it 
was often considerably larger than the surrounding 
normal cells and the nucleus had usually disappeared 
(Fig. 12). 


Fic. 12.—Case 34. Two cells of “‘ formation cupuliforme”’, 
one showing neurofibrillary change. Haematoxylin- 
eosin. 


The last stage was represented by an irregular, 
spherical, or triangular tangle of fibrils with no 
surrounding membrane, lying free in the tissues 
from which, with most staining methods, it could 
only be distinguished with difficulty (Figs. 13 and 
14). It did not stain by basic anilin dyes, as in 


Fic. 13.—Case 31. Two cells Fic. 14.—Case 31. Two cells 
of substantia nigra, one of locus coeruleus, one 
showing advanced  neuro- showing neurofibrillary 
fibrillary change. Nissi stain. change. Lendrum’s phloxin- 

tartrazine method. 
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Nissl’s | method; with haematoxylin-eosin or 
phloxin-tartrazine it took the same pinkish colour 
as its surroundings but was distinguished from them 
by the orientation of the fibrils ; with Congo red its 
fibrils stained very feebly but showed a fairly bright 
anisotropism when examined under polarized light 
(Fig. 15). This anisotropism was also seen, although 
less brightly, with Lendrum’s stain. 


b 

Fic. 15.—Case 31. Two cells of locus coeruleus, one showing neuro- 
fibrillary change. Congo red (a) ordinary light, (b) polarized light, 
crossed Nicol prisms (Divry reaction). 


In the cases in which frozen sections were stained 
by silver techniques the neurofibrillar tangles 
stained similarly to those seen in Alzheimer’s 
disease. The small hollow triangles commonly seen 
in the cortex in that disease were not found in the 
brain-stem, but one example was seen (in Case 34) 
in the hippocampus. 


Incidence of Spherical Inclusions and Neurofibrillary 
Tangles 


Spherical Inclusions.—Spherical inclusions in the 
cells of the substantia nigra were found in 18 of our 
19 typical cases of paralysis agitans, whose ages at 
death ranged from 60 to 87 years. In the other case 
(No. 8) the brain was received torn across at the 
mid-brain level in such a way that we could make no 
sections through the substantia nigra, but typical 
inclusions were found in the locus coeruleus in this 
case. Thus in all these 19 cases typical spherical 
inclusions were found in the pigmented cells of the 
pons or mid-brain or in both areas. One of these 
(No. 5) was a case in which Parkinsonism was 
combined with Alzheimer’s disease (Table II). 
Inclusions were also found in one case, aged 57 at 
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death, which may have been post-encephalitic (No, 
32). They were not found in the case of a woman 
(No. 30) aged 54 at death, with two years’ history 
of paralysis agitans and no history of encephalitis, 
In this case there was very great cell loss and scarring 
in the substantia nigra; the locus coeruleus was 
not available (Table IV). 

The incidence of these inclusions in different 
parts of the substantia nigra could not be assessed 
with any accuracy except in the cases in which serial 
sections were made. They were usually most abun- 
dant in the upper part of the nucleus, in which they 
were widely distributed, and were not confined to 
the zona compacta. Where they were most abundant 
it was not unusual to find several cells containing 
them in one high power (4 mm.) field, but many 
fields of the substantia nigra might be examined 
without any inclusions being seen. In general every 
section through the substantia nigra in these 20 
cases was found to contain at least one cell inclusion. 
This was also true of sections through the main mass 
of the locus coeruleus. Therefore once their appear- 
ance under different staining conditions was 
recognized, they could be found without much 
difficulty. In addition to the pigmented cells of the 
substantia nigra and locus coeruleus, typical in- 
clusions were found in our material in the substantia 
innominata (Case 32), in the nucleus of Roller 
(Case 10), and in the oculomotor nucleus (Cases 9 
and 31). 


Neurofibrillary Tangles.—Neurofibrillary tangles 
in the pigmented cells of the pons and mid-brain 
were found in nine of the 10 cases in which there was 
a history of encephalitis, in one in which Parkin- 
sonism was associated with amyotrophy and with 
attacks of forced adversive eye movements (No. 31), 
and in one case (No. 34) in which the clinical | 
diagnosis was that of idiopathic paralysis agitans | 
(Tables III and IV). In all these cases they were 
much less numerous than the cell inclusions in the 
idiopathic group. In a few places, especially in the 
locus coeruleus and in the rostro-lateral part of the 
substantia nigra, two such tangles, either in an 
earlier or later stage, could be seen in one high 
power field, but often sections through the sub- 
stantia nigra or locus coeruleus were examined 
without any being found. In some cases cells | 
showing neurofibrillary change were more wide- © 
spread, for example in Case 27 many were seen in the 
hypothalamus. It is not surprising that the pig- 
mented cells in the pons and mid-brain should 
undergo this neurofibrillary change, since they are 
known to be specially attacked in encephalitis 
lethargica. A similar change has been found in the | 
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TABLE II 
NINETEEN CASES OF IDIOPATHIC PARALYSIS AGITANS 


























= | Name Age | Sex | Hospital No. ‘wane z xe EE SN. —— os sieseieate 

ye A.H. 60 | F R.677/52 10 years 0 | 1B.+ | 1LB.+ Binucleated cell n. pontis 
2 | A.C. 61 F N.H.48/21 3 years ++ | 0 1.B.+ 1.B.+ Nil 
3) MP. 61 | F N.H.72/31 | 20 years + to Paes re Nil 
4| RR. 62 | M N.H.84/51 6 years + 0 1.B.++ 1.B.+ + Nil 
5 | 1.G. 64 F N.H.28/36 2 years 4 — | LB.++ - | Senile plaques in cortex 
6 | E.P. 64 | F N.H.77/32 2 years + —- | 1B.++ - | _ 
7 | GH. 66 M N.H.23/30 3 years + — | 1B++ - Nil 
8 | E.T.® 67 M N.H.67 /47 4 months _ Slight | _ 1.B.+ + | Softening in putamen 
9 G.H.H. 68 M R.301/51 6 years + | 1.B.+ + 1.B.+ 1.B. oculomotor nucleus 
10 | HB. 69 | M | R.4312/S1 S years | ++) — | 1.B.+ — | 1.B. Roller nucleus 
1 | ML. }.# N.H. Ex/22 ? > — | LB++ - 
12 | BC. 2 | 9 N.H. Ex/23 ? + | 1LB.++ LB.+ + 
13 G.H. 2 | 2 NH Ex/22 | ? 2 |.0 | 1B44 1.B.+ 
“| CHH. | ? | ? NH. Ex/22 ? o | — | B+ a 
15 | L.B. 73 | F R340/52 1 year ? 0 | 1.B.++ 1.B.+ | 
16 | GC. 79 | M R.6188/51 4 years + - | 1.B.+ - | 
17 | HB. g0 | M R.60/53 ? a | = | Ses - | 
is | MC. 84 | b R.4574/S0 | 2 years ++] 0 L.B.+ L.B.+ | 
i9 | MU. 87 | F R.5924/52 | 1-year + i @ | tee 1.B.+ 








* W.R. positive in blood. 


S.N. = Substantia nigra. L.C. = Locus coeruleus. — 


cortical nerve cells of young subjects who have 
suffered for several years from “* subacute inclusion ” 
(Malamud, Haymaker, and Pinkerton, 1950) or 
“subacute sclerosing” (Corsellis, 1951) encepha- 
litis. The relation of neurofibrillary cell change to 
amyloid degeneration has been shown by Divry 
(1934). It is possible that in these cases it follows 
chronic poisoning of nerve cells by bacteria or 
viruses (von Braunmiihl, 1949). 


Interpretation 


It is not very easy to interpret our findings in the 
light of those of other workers. At first sight it 
would appear that Lewy inclusions are the most 
common finding in cases of idiopathic paralysis 
agitans, and that neurofibrillary tangles are charac- 
teristic of post-encephalitic cases. The latter appears 
to be true for our material in so far as this change 
was very rarely seen in cases of idiopathic paralysis 
agitans. Even in the case in our series in which 
paralysis agitans was combined with Alzheimer’s 
disease no neurofibrillary changes were seen in the 
mid-brain or pons, although they have been found 


not available for adequate examination. 


1.B. = Cytoplasmic inclusion bodies. 


there in other cases of Alzheimer’s disease (Haller- 
vorden, 1933). The only clinically typical case of 
paralysis agitans in our material in which neuro- 
fibrillary changes were seen was that of a patient 
of 66 (No. 34) with only three years’ history of 
disability. Little attention has been paid to the 
presence of neurofibrillary tangles in idiopathic 
paralysis agitans since the work of Foix and Nico- 
lesco (1925). Hallervorden (1933, 1935) and von 
Braunmiihl (1949) were concerned entirely with 
post-encephalitic cases and neither Hassler (1938) 
nor Klaue (1940) saw these tangles. Foix and 
Nicolesco, however, describe neurofibrillary changes 
in both the substantia nigra and locus coeruleus in 
cases which they considered to be true Parkinson’s 
disease. 

It is possible, as Hallervorden (1935) suggests, 
that neurofibrillary changes tend to occur in younger, 
and Lewy’s inclusions in older, subjects. Certainly, 
in our series, Lewy’s inclusions were only seen in 
patients aged 56 or over, whereas neurofibrillary 
change was seen in one case aged 36 at death 
and not in any patient over 66. In Hallervorden’s 
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TABLE III 
TEN CASES OF POST-ENCEPHALITIC PARKINSONISM 





| Date of | Duration Cell Loss 
Encephalitis | 


Cell Changes 
Lethargica "4 


yn 
o 
a 


Hospital No. 





Symptoms 
(years) | 


S.N. L.c. 





Pk 

rr 
*J.H. 

W.wW. 


N.H.66/28 1924 
N.H.35/38 | 1921 
N.H.67/33. | ‘1921 
N.H.27/33. | 1922 
N.H. Ex/52 1922 
R.1804/53 1921 
N.H.92/32 1924 
1923 
1920 


oi Mi eh te oe oe me 


i 
ey 
A.T. 
L.W. R.547/49 
R225/50 


R.5230/50 | 


AS. 
FD. 


z= 


1918 30+ 


"Nil 
Saccules ; tangles Tangles 
Tangles ; binucleated cell ~~ 
Saccules ; tangles — 
. Tangles + Tangles 
Binucleated cells Tangles 
Saccules ; tangles 0 
Tangles + + — 
Tangles Tangles 


Saccules ; tangles Tangles 





*W.R. repeatedly positive. S.N. = Substantia nigra. L.C. = 


Locus coeruleus. — = 


Not available for adequate examination. 


TABLE IV 
FIVE CASES OF ATYPICAL PARKINSONISM 





Case | Name and 


Cell Loss 


Cell Changes 





No. Hospital No. Type of Disease 








30 Parkinsonism 2 years 


ae 3 
(N.H.15/35) 
31 Parkinsonism. Adver- 

sive eye attacks 
Amyotrophy 12 years 


F.W. 
(N.H. Ex/51) 


Parkinsonism 23 years 


(b) | 2 Encephalitis, 1926 


R.M. 
(R.398A/51) 


59 | M 
| @ | 


Cerebellar symptoms 
5 years ; Parkinson- 
ism less than 1 year 


G.H. 
(N.H. Ex./47) 


34 Parkinsonism 3 years 


= 
6s | M | 
| | 


| C.F. 
(R.569 /49) 


| S.N. | LC. 


_— Other Findings in C.N.S. 
S.N. Ru. 





- Nil Diffuse cell loss + 


globus pallidus 


gliosis in 


Saccules tangles + Atrophy anterior horn cells ; no 
tract lesions; basal ganglia 
normal ; I.B. oculomotor 
nucleus 


Binuclear | 
nerve cell | 


innominata. 
cord and 
Déjérine-Sottas 


Inclusions 1.B. substantia 

+-+ + Plaques of DS. 
cerebrum ; 
nerve roots 


Olivo-ponto-cerebellar degenera- 
tion; Gliosis putamen; cell 
loss—N.C.M. thalamus 


| +4 Tangles 
| 
} 
| 


Tangles in hippocampus 





(a) Previously reported by Critchley and Greenfield (1948) Brain, 71, 343. 


(b) To be reported in full. 


S.N. = Substantia nigra. L.C. = Locus coeruleus. — 


series a patient aged 11 showed this change 
in especially severe and widespread manner. 
It is thus evidently not a change confined to 
older brains, as Lewy’s inclusions may be. On 
the other hand both Hassler and we ourselves 
have-been unable to find typical Lewy inclusions 
in brains from old patients who showed no evidence 
of Parkinsonism. In only one of our cases (No. 31) 
did we find both neurofibrillary changes and Lewy’s 
inclusions. In this, probably post-encephalitic, 
case neurofibrillary tangles were numerous, and 
Lewy inclusions were only seen in one cell in the 
oculomotor nucleus. 


Not available for adequate examination. 


The brain-stem lesions 
now be considered in relation to the three questions 
already posed. 

(1) Are the lesions of idiopathic paralysis agitans, | 
as Foix and Nicolesco suggested, an abnormal 
localization of the processes of senility ? The answer 7 
to this question is definitely in the negative since 
the type of cell degeneration with Lewy’s inclusions | 
is not a common senile change. 

(2) Are the changes found in idiopathic paralysis 
agitans specific for the disease or in any way | 
characteristic of it? The first part of this question 
cannot be answered definitely in the affirmative 
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TABLE V 


TWENTY-TWO CONTROL CASES WITHOUT PARKINSONISM 




















: Cell Loss Cell Changes 

Casé Name Age | Sex | Hospital Diagnosis | | — 

7. ee my | S.N. | Lc. | S.N. | Le. 

) TH | 50 | M| R.2/51 | Atheroma, multiple infarcts of brain | + 0 Infarct. Depigmentation | 0 

36 «+H.B. | 54 | M | R.506/50 | Meningioma, brain 0 — 0 — 

37 | G.F. | 56 | F | R.316/50 | Subacute combined degeneration | 0 | ? | Depigmentation 0 

38 F.M.P. | 62 | M | N.H. Ext./45 | Pick’s disease + | + | — homogeneous | 

| | odies 

39 | A.H. 62 | M | R.534/5 | Atheroma, anterior cerebral thrombosis | 0 0 0 

40 H.J. | 63 | M | R.5692/50 | Atheroma, multiple infarcts 0 0 0 0 

41 M.B. | 64 F | R.107/51 | Disseminated sclerosis 0 — | Intranuclear inclusions _ 

42 | T.H 64M | R.298/52 | Motor neuron disease + — } aps sens ners - 

casional intranuclear 
| inclusion 

43 | A.F.(c) 65 | M | N.H. Ext./29 | Senile chorea | 0 0 0 

44 W.N. M | R.258A/50 | Old poliomyelitis =. 0 | One atypical inclusion | 0 

45 | E.B. 66 | F | R.186/52 | Pseudo-bulbar palsy 0 -- | Depigmentation - 

46 | J.J. 68 | M | N.H. Ext./49 | Huntington’s chorea oo 2 _ 0 _ 

47 E.G. 69 | F | R.4808/50 | Spinal meningioma 0 + | Depigmentation One Pe 
} pical in- 
| clusion 

48 M.B. 69 | F | R.4739/51 | Tabes dorsalis 0 | 0 {| = 

49 T.B. 70 | M | R.851/52 | Pseudo-bulbar palsy Some | Depig- Saccuies 0 

| vascular | menta- 
| } loss | tion 
50 | S.T. 70 | F | R.180/51 | Anterior spinal thrombosis 0 _ Intranuclear inclusions | - 
51 | M.B. 70 | F | R.2969/52 | Disseminated sclerosis 0 _ Plaque of disseminated | - 
} | sclerosis 

52 | H.S.-T. | 78 | M | R.34/52 | Healing pyogenic meningitis 0 _ _ 

$3 | S.P. 78 | F | R.475/52 | Spinal meningioma. Multiple infarcts | { | + Vacuolation and depigmentation 

54 | M.B.(d) | 78 | F | N.H. Ext./41 Familial cerebellar degeneration 0 | _ Softenings | — 

53.) TAB. | 87 | M | R.848/52 | Pseudo-bulbar palsy + | - Vacuoles - 

56 H.B. | 88 | F | N.H.11/26 Hemiballismus 0 ie. 0 














(c) Previously reported by Alcock (1936) Brain, 59, 3 


(d) Previously reported by Parkes Weber and Greenfield (1942) Brain, 65, 220. 


S.N. = Substantia nigra. 








since inclusions, which may resemble Lewy’s 
bodies, have been found in the pigmented cells 
of the brain-stem in two cases of status pigmentatus 
(Holfard, 1935; van Bogaert, 1939-40). The 
combination of loss of cells in certain fairly well 
defined cell groups in the substantia nigra, with 
numerous inclusions of the Lewy type, as defined by 
us, in the pigmented cells of the brain-stem is, 
however, quite characteristic of paralysis agitans 
and occurs, so far as we know, in no other disease. 

(3) Are the differences between the lesions 
found in idiopathic paralysis agitans on the one 
hand and those in post-encephalitic Parkinsonism 
on the other hand qualitative or only quantitative ? 
While we do not accept the conclusion, drawn by 
Spatz from the work of Klaue in his laboratory, 
that the histological changes in these two conditions 
were So similar as to suggest a common aetiology, 
we cannot make any sharp qualitative distinction 
between the two diseases. Our observations do 
not allow us to place all cases with Lewy bodies 
in the idiopathic group and all those with neuro- 
fibrillary tangles in the post-encephalitic group, 
although for the great majority of our cases this 
distinction holds ; nor does the literature support 
this distinction, although few writers have laid 








L.C. = Locus coeruleus. 





emphasis on both types of cell change. Our material 
is not so large as that examined by several continen- 
tal workers and may be loaded in one or the other 
direction. For example we had no cases of typical 
idiopathic paralysis agitans dying under the age 
of 60. On the other hand the age at death of our 
post-encephalitic cases varied from 33 to 65 with 
an average of 49-4 years. This is probably older 
than that in previously reported series since the 
latest date of the original attack was 1924. Our 
observations do not entirely rule out Hallervorden’s 
suggestion that the difference in histological findings 
depends on age rather than on aetiology, but they 
give no support to his suggestion that Lewy 
inclusions and neurofibrillary tangles are two 
stages of the same process. Before a final answer 
can be given to these questions it will be necessary 
to examine a larger series of cases of Parkinsonism, 
including some in the younger age groups, with 
special attention to the changes in the pigmented 
cells of the mid-brain and pons. 


Summary 
The pigmented cells of the brain-stem, especially 
those in the substantia nigra and locus coeruleus, 
have been examined in 19 cases of idiopathic 
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paralysis agitans, 10 cases of Parkinsonism with a 
history of an attack of encephalitis between the 
years 1918 and 1924, and five cases of Parkinsonism 
of uncertain aetiology. Five types of change 
were found in these cells. (1) Saccular distension 
by lipochrome granules along with disappearance 
of Nissl granules, melanin, and nucleus; (2) 
vacuolation, which was considered unimportant ; 
(3) binucleated nerve cells, which were very rare; (4) 
Lewy’s spherical concentric hyaline inclusions ; 
(5) neurofibrillary tangles, somewhat similar to 
those seen in Alzheimer’s disease, but unaccompanied 
by senile plaques. 

The first three types were seen in post-encepha- 
litic cases and in occasional cases in the control 
group. Lewy’s hyaline inclusions were found in 
all of our cases of typical idiopathic paralysis 
agitans, and in one complicated case which may have 
been post-encephalitic. Neurofibrillary tangles 
were found in nine post-encephalitic cases, in one 
case associated with amyotrophy, which may have 
been post-encephalitic, and in one case which was 
clinically idiopathic. In one case of Parkinsonism 
associated with olivo-ponto-cerebellar degeneration, 
and in 22 cases in the age group 50 to 90 years, 
with no signs of Parkinsonism, neither of the last 
two types of cell change could be found in the 
pigmented cells of the brain-stem. The significance 
of these findings is discussed in relation to the 
literature on the subject. 


Our thanks are due to the medical and surgical staff 
of the National Hospital, Queen Square, The Radcliffe 
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Infirmary and Cowley Road Hospital, Oxford, who have 
given us facilities for collecting material ; to Mr. Ewan 
Middleton and Mr. Ronald Beesley for their careful and 
enthusiastic technical assistance, and to Miss M. M. L, 
Prichard, D. Phil., and Mr. J. A. Mills for excellent 
photomicrographs. 
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THE ARNOLD-CHIARI MALFORMATION 


RADIOLOGICAL EXAMINATION 


WITH THE 
BY 


“ZIEDSES DES PLANTES” PROCEDURE 


H. VERBIEST 


From the Neurosurgical Department of the Neurological Clinic of the State University of Utrecht 


During the last 12 years several publications have 
appeared on the x-ray diagnosis of the Arnold- 
Chiari malformation. The ordinary radiological 
examination of the skull and spinal column in these 
cases only reveals associated anomalies, such as 
bony abnormalities of the cranio-vertebral junction, 
deformation of the cervical spine, and spina bifida. 
Although these facts in conjunction with the 
clinical findings may suggest the presence of an 
Arnold-Chiari deformity, they do not establish the 
diagnosis. On the other hand several cases have 
been reported in which the Arnold-Chiari deformity 
was not associated with other bony abnormalities 
(Aring, 1938; McConnell and Parker, 1938 ; 
Ogryzlo, 1942; Bucy and Lichtenstein, 1945 ; 
Epstein, 1948; Swanson and Fincher, 1949; 
Gardner and Goodall, 1950). 

It is apparent that direct radiographic demon- 
stration of the Arnold-Chiari deformity requires 
special methods. List (1941) was the first to apply 
myelography as a diagnostic procedure in these 
cases and he found that the iodized oil was arrested 
in the high cervical region with a concave filling 
defect. Adams, Schatzki, and Scoville (1941) gave 
a more detailed description of the myelographic 
findings in their case, differentiating it from those 
found in a high cervical cord tumour. Similar 
reports were published, for example, by Epstein 
(1948), by Lewin, Wycis, and Young (1950), and by 
Malis, Cohen, and Gross (1951). All authors 
mention that some oil passes to the basal intra- 
cranial cisterns. 

The Arnold-Chiari deformity can also be de- 
monstrated by lumbar pneumo-encephalography as 
was shown by Marks and Livingston (1949) and by 
Swanson and Fincher (1949). The air may be 
arrested at the second cervical level and even outline 
the herniated cerebellar tonsils. 

Other reports on lumbar pneumo-encephalo- 
graphy in the Arnold-Chiari deformity are less 
precise on these diagnostic features, but all agree that 


little or no air enters the ventricles while the 
intracranial subarachnoid spaces may be visualized. 

Another advantage of myelography and lumbar 
pneumo-encephalography is that the swelling of the 
cervical cord caused by a concomitant hydromyelia 
may be outlined by the air or oil. 

As far as we know no mention has been made in 
the literature of untoward reactions after lumbar 
puncture. In one of our patients, however (N 7218), a 
boy aged 17 with basilar impression and Arnold- 
Chiari deformity, the lumbar puncture was followed 
by quadriplegia and respiratory failure necessitating 
immediate operative intervention. Fortunately 
the patient recovered. This patient had never shown 
any signs of increased intracranial pressure. When 
the Arnold-Chiari malformation is associated with 
signs of increased intracranial pressure in adults, we 
avoid performing myelography or lumbar encephalo- 
graphy, as we think that lumbar puncture is contra- 
indicated in such cases. 

This report is based on ventriculographic studies 
of 11 patients in whom the presence of the Arnold- 
Chiari malformation was verified at operation. In 
all cases the third and fourth ventricles were examined 
with small quantities of air according to the method 
described by Ziedses des Plantes (1950). 


The Ziedses des Plantes Procedure 


A small quantity of air (15-20 ml.) is injected into the 
right lateral ventricle through the fontanelle or a burr 
hole. It is important that the air collects in the anterior 
horn, and if some of the air has escaped to the temporal 
horn the patient is placed in a sitting position with the 
head flexed forward ; this makes the air travel to the 
upper part of the body of the lateral ventricle and if the 
patient subsequently lies down on his back all the air 
will be collected in the anterior horn. After this the 
patient is induced to make a slow backward somer- 
sault. During the first part of this movement the air 
travels along the floor of the anterior horn into the 
third ventricle, where it is collected in its rostral part at 
the moment that the somersault has progressed to the 
position of feet upwards, head downwards. While the 
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somersault is being continued until the patient lies face 
down on the table, the air travels along the floor of the 
third ventricle to its posterior part and penetrates 
through the aqueduct into the fourth ventricle. In this 
position lateral and postero-anterior x-ray pictures are 
taken. When the fourth ventricle is not obstructed, air 
will be found in the spinal canal. Should communicating 
hydrocephalus be demonstrated a second, forward, 
somersault is carried out, by means of which the air 
passes to the intracranial subarachnoid spaces. 

It is easy to carry out this manoeuvre in little children 
by seizing the feet by one hand and the head by the other. 
With adolescents and adults the somersaults are carried 
out by means of a tilting table. 

In order to obtain a maximum contrast the volume of 
injected air is slightly greater than the amount of ventri- 
cular fluid withdrawn and the x-ray exposure should be 
correct and not too heavy. The films are best examined 
with closely shielded illuminators and in a dimly lighted 
room (Marks and Livingston, 1949). 


This procedure has proved to be very useful 
for the following three reasons: (1) The intra- 
ventricular pressure can be measured at the same 
time and an impression of the dimensions of the 
ventricular system is obtained. (2) In some cases the 
prolongation of the fourth ventricle or the hernia- 
tion of the cerebellum into the spinal canal can be 
visualized. (3) It enables us to determine whether 
there is any communication between the ventricles 
and the intracranial cisterns and the spinal subarach- 
noid space respectively. Even if (2) should not 
materialize, very valuable information is obtained 
concerning (1) and (3). 


Case Material 


Five patients were adults. Their clinical pictures con- 
sisted of the following chief symptoms :— 


Case 1.—Headaches, occipital neuralgia, increased 
tendon reflexes on the right, paraesthesiae in the right 
hand. 


Case 2.—Occipital headaches radiating to the nape of 
the neck and increasing with retroflexion of the head. 
During an attack of headache the head is kept flexed 
forward. On a few occasions retroflexion of the head was 
followed by vertigo and a state of collapse. Neurological 
examination revealed only horizontal nystagmus while 
looking to the left. 


Case 3.—Headaches radiating along the nape of the 
neck and the back to the arms and legs. Paraesthesiae in 
hands and feet. Loss of power in right arm and leg. 
Bilateral papilloedema. Normal tendon reflexes in 
upper, but increased tendon reflexes on both sides in 
lower, extremities. Positive Babinski, Oppenheim, and 
Gordon signs on the right. Bilateral decrease of all 
types of sensation in the area C 2 to C8. 


Case 4.—Headaches, vertigo, ataxia, and disturbances 
of gait. 
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Case 5.—Occipital pains radiating to the left arm and 
leg, vertigo, disturbances of gait, diminished corneal 
reflexes, paresis of left trapezius and sternomastoid 
muscles. Increased tendon reflexes on the right. Babinski, 
Oppenheim, and Gordon signs on the right. Decrease 
of all types of sensation in the area C 1 to C 6. Bilateral 
disturbance of kinaesthesia of hands and feet. 

The other six patients were infants, all younger than 
1 year old. They were operated upon because of hydro- 
cephalus with rapid enlargement of the head. Other 
important data, among which are the findings with the 
Ziedses des Plantes procedure, are summarized in 
Table I. 


The Air Studies of the Malformation 


In eight out of 11 patients the malformation could 
be demonstrated, in one of them with lipiodol, in the 
others with air according to the Ziedses des Plantes 
procedure. The most typical pictures were obtained 
after the first somersault on a lateral! film taken 
with a horizontal beam. Therefore it is essential 
first to describe briefly the normal picture obtained 
by the same technique (Fig. 1). The fourth ventricle 
appears as a triangle. Caudal to its inferior angle 
it is continuous with the cisterna magna. Normally 
the inferior opening of the fourth ventricle is 
situated above the level of the foramen magnum. 
The cisterna magna lies close to the bone of the 
posterior fossa, and according to Robertson it usually 
extends about 3 cm. behind the posterior lip of the 
foramen magnum. At the level of the foramen 
magnum the cisterna magna is directly continuous 
with the spinal subarachnoid space. The fourth 
ventricle is not always so well visualized, as most 
of the air may escape from it into the cisterna magna 
and the spinal subarachnoid space. 

There are two characteristic x-ray findings in the 
Arnold-Chiari malformation, namely, (1) visualiza- 
tion of the elongated fourth ventricle, and (2) 
demonstration of the cerebellar herniation into the 
spinal canal. 


Visualization of the Elongated Fourth Ventricle.— 
In our first patient (Case 1), examined with the 
Ziedses des Plantes procedure, the air pictures were 
not very clear. We repeated the examination with 
lipiodol injected into a lateral ventricle. This was 
done just before operation (Fig. 2). The triangular 
part of the fourth ventricle appeared to be well 
preserved, but its inferior end was elongated, 
forming a small canal that projected through the 
foramen magnum and extended as far as the 
inferior border of the posterior arch of the atlas. 
This was confirmed at operation. 

In Cases 8, 9, and 10 we succeeded in obtaining 
good air pictures of the fourth ventricle. The latter 
was visualized as a small canal that was directly 
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continuous to the aqueduct of Sylvius and extended 
downwards as far as the first and the second cervical 
vertebrae respectively (Figs. 3 and 4). In Case 5 
only the elongated inferior part of the fourth 
ventricle was visualized. It had the appearance of a 
small canal that projected through the foramen 
magnum as far as the atlas. 

In Cases 1, 5, 8, and 9 no communication with 
the spinal subarachnoid space was found, so that 
after the first somersault the air remained within 
the fourth ventricle. 

In Case 10 much air had been injected, so that 
both ventricle and spinal subarachnoid space were 


filled with air. 


Demonstration of Cerebellar Herniation 


into 


Spinal Canal.—This occurred only in cases with a 
good communication between the fourth ventricle 
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and the spinal subarachnoid space and in none of 
them had the air remained within the fourth 
ventricle. The spinal air column showed typical 
features that enabled us to make the diagnosis. 

In Case 7 the spinal subarachnoid space was only 
visualized in the area below the posterior arch of the 
atlas. The upper border of the spinal air column 
was cut off in an oblique direction, thus delimiting 
the inferior pole of the malformation (Fig. 5). 

In Case 11 the protruding cerebellar tonsils were 
outlined by air (Fig. 6). A similar picture was 
obtained in Case 4. 

Cerebellar tonsils that are displaced downwards as 
a result of a space-occupying lesion in the posterior 
fossa may give a similar shadow to that of the 
Arnold-Chiari malformation (Fig. 7). | However, 
the differential diagnosis can as a rule be made on 
the grounds of the clinical picture and the other 


TABLE I 
DATA ON 11 CASES OF ARNOLD-CHIARI MALFORMATION VERIFIED AT OPERATION 





| Air Passes to 















































a | Arnold-Chiari — 
Sex and Concomitant cranial Ventricles | Malformation | Spinal Results of Suboccipital 
Age Anomalies Pressure | Demonstrated | Sub- Basal | Decompression 
by Air | arachnoid | Cisterns 
| Space 
Adults 
Case 1 A.v.d.L. Platybasia | Normal Dilated | By intra- | _ | + Good 
(D540) Male, 26 ventricular | } 
lipiodol | 
Case2  J-Hv.D. | fia Normal Dilated tae — | Died 
(D551) | Female, 26 
Case 3 M.P.M.I. Syringoencephalo- Increased Dilated _ Improved a ¢ 
(N6567) Female, 43 myelia 
Case 4 H.H. Basilar impression Normal Normal - _ + Good 
(N8429) Male, 44 + atlanto-occi- | 
pital synostosis 
Case 5 J.A.V. Hydromyelia Normal Dilated - - Good, but only recently 
(D809) | Female, 47 operated upon 
Infants | 
Case 6 .M. Atresia of the aque- | Increased Greatly - ! - ~- Good for a few months ; 
(N8805) Male, duct; diverti- dilated then increasing hydro- 
11 months | culum of left cephalus (The diverti- 
lateral ventricle culum- was __ incised 
extending into and opened into the 
posterior fossa subdural space.) 
Case 7 W.J.S. , Myelomeningocele Very high Greatly + + _ ~ Died 
(N10377) Male, dilated | | 
| 1 month | | 
Case 8 J.B. Myelomeningocele | Very high Greatly | + - Pt Died 
(N10184) Male, dilated | 
3 months | | 
Case 9 | J.v.B. Myelomeningocele Very high Greatly | + — ms Increasing hydrocephalus 
Female, dilated | } 
4 months | 
Case 10 J.A.G. Myelomeningocele | Very high Greatly + y ~ r% Good 
(D739) | Male, | dilated | 
| 2} months | 
Case 11 A.R. Myelomeningocele | Veryhigh | Dilated + + | + ~ Increasing hydrocephalus 
(D791) Male, | 
6 weeks | | 
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a b 
Fic. 2.—Case 1. Lateral and A.P. views of the fourth ventricle filled with 
Fic. 1.—Picture of the normal obtained by the Ziedses lipiodol. The triangular part of the fourth ventricle is preserved, but 
des Plantes technique. its inferior end is elongated and extends as far as the lower border of 
the posterior arch of the atlas. 


Fic. 3.—Case 8 examined with the Ziedses des Plantes procedure. 


Fic. 3 (a).—After the first somersault the fourth 
ventricle appears as a small canal, which is 
directly continuous to the aqueduct and 
extends as far as the upper border of the 
arch of C2. Air has remained in the 
suprapineal recess. 


. 3 (6).—After the second somersault air has entered the pontine 
and interpeduncular cisterns. 


. 3 (c)—Medial section through the brain. The fourth ventricle 
is reduced to a small canal and the triangular part is poorly 
developed. The biventral lobule of the cerebellum is herniated into 
the cisterna pontis. The inferior part of the elongated medulla 
oblongata has not been adequately removed at the necropsy. 
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-Case 10. After the first somersault the 
fourth ventricle is reduced to a small canal 
extending as far as Cl. The cisterna magna 
is filled with air and appears to be well 
developed. Air has remained in the supra- 
pineal recess and the occipital horns of the 
lateral ventricles. 


6.—Case 11: (a) Taken after the first 
somersault when the air has passed to the 
spinal subarachnoid space and outlines the 
protrusion of the cerebellum into the spinal 
canal. Air has remained in the ‘occipital 
horns of the lateral ventricles. 


Fic. 


5.—Case 7: (a) After the first 
somersault the air has passed from 
the fourth ventricle into the spinal 
subarachnoid space. This space, 
however, is only visualized in the area 
below the posterior arch of the atlas. 
The upper part of the spinal air 
column, which is cut off in an oblique 
direction, delimits the inferior pole of 
the malformation. Air in the occipital 
horns of the lateral ventricles shows 
that the latter are greatly dilated. 


Fic. 6. (6)—After the second somersault the air 


has passed to the basal cisterns and to the 
subarachnoid space on the convexity of the 
frontal lobes. The cisterns are large, the 
frontal sulci are dilated, and air has accumu- 
lated at the tip of the frontal lobe. There 
has been some reflux of air to the frontal 
horns of the lateral ventricles. 


Fic. 5 (6).—After the second somersault 
more of the air collects in the spinal 
subarachnoid space. A large volume 
of air is seen bulging outward between 
the posterior arch of the atlas and the 
posterior rim of the foramen magnum. 
At operation the occipito-atloid liga- 
ment appeared to be absent and a very 
thinned dura over-filled with spinal 
fluid protruded between atlas and 
occiput under the neck muscles. 


Fic. 7.—Taken after the first somersault 
in a case of tumour of the posterior 
fossa. Air outlines the herniated 
cerebellar tonsils in the spinal canal. 
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ventriculographic findings, such as anterior or 
lateral displacements of the aqueduct of Sylvius 
in tumours of the posterior fossa. 


Unsuccessful Visualization—In Case 2 the air 
picture showed a dilated and obstructed ventricle 
(Fig. 8). Although the inferior part of it was located 
near the foramen magnum we thought it premature 
to draw a conclusion from the air studies about the 
nature of the obstruction, which was the reason 
why we did not include this case in the series of 
typical findings. 


Fic. 8.—Case 2. Greatly dilated fourth ventricle (arrows). 
The air does not pass to the cisterns or to the spinal 
subarachnoid space. At operation the inferior opening of 
the fourth ventricle was found just below the level of 
the foramen magnum. 


In Case 6 the air was arrested in the third ventricle 
because of a concomitant stenosis of the aqueduct. 
In Case 3 insufficient filling was obtained. In Cases 
2 and 6 the other clinical and radiological findings 
were conclusive enough to have the operation 
performed in the right place. 

The association of the Arnold-Chiari deformity 
with stenosis of the aqueduct as found in Case 6 
was described by Lichtenstein. The coincidence of 
the stenosis of the aqueduct cannot be recognized 
if only myelography or lumbar encephalography 
are used as diagnostic procedures. In such cases 
the operative decompression of the Arno/d-Chiara 
malformation only is ineffective and may even 
increase symptoms. 

Although, on the other hand, ventriculography 
can only demonstrate the stenosis of the aqueduct 
and not the co-existing Arnold-Chiari malformation, 
it has less serious consequences, because ventriculo- 
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stomy of the third ventricle will relieve the hy«‘ro- 
cephalus as well. The only risk is that, should a 
Torkildsen operation be attempted, it becoines 
obvious when the posterior fossa is opened that this 
operation is not feasible owing to the malformation. 


The Hydrocephalus 


Hydrocephalus was present in all the infants 
in this group of cases. In four out of the five adult 
patients the ventricles were dilated, but in only one 
of them was increased intracranial pressure found. 

Most investigators assume that the Arnold- 
Chiari malformation is the cause of attendant 
hydrocephalus. It is thought that the malformation 
may produce hydrocephalus in several ways which 
are summarized by Ingraham and Scott (1943) as 
follows:—(1) The foraminae of Luschka and 
Magendie of the fourth ventricle may be mech- 
anically obstructed by the squeezing of the medulla 
and cerebellar tails into the narrow cervical canal. 
Obstructive hydrocephalus results. (2) The sub- 
arachnoid space may be obliterated at the level of 
the foramen magnum by pressure of the herniated 
hindbrain. As the inferior opening of the fourth 
ventricle is located below the foramen magnum, 
there is a free escape of fluid from the fourth 
ventricle into the spinal subarachnoid space, but 
there is no communication between the latter and 
the intracranial subarachnoid space. Communi- 
cating hydrocephalus results. (3) The same mecha- 
nism is effected by aseptic arachnoiditis of the 
basal cisterns due to mechanical irritation. 

Ogryzlo (1942) suggested that in some cases the 
relations between the Arnold-Chiari malformation 
and hydrocephalus might be inverse, hydrocephalus 
being the cause of the malformation. Gardner and 
Goodall (1956) reported a case of acquired Arnold- 
Chiari malformation supposedly due to an acoustic 
tumour. 

The Ziedses des Plantes procedure is an excellent 
means of examining the communication between the 
fourth ventricle and the spinal and intracranial 
subarachnoid spaces. From our case material it 
appears that the outflow from the third ventricle 
was obstructed in one case (Case 6). There was 
no communication between the fourth ventricle and 
the spinal and intracranial subarachnoid spaces in 
two cases (Cases 2 and 9). 

Communication between the fourth ventricle and 
the spinal subarachnoid space and not with the 
intracranial basal cisterns was found in one case 
only (Case 7). In four cases there was a communi- 
cation between the fourth ventricle and the basa! 
cisterns, but not between the fourth ventricle and 
the spinal subarachnoid space (Cases 1, 3, 5, and 8). 
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In three cases communication was found between 
the fourth ventricle and both the basal cisterns 
and the spinal subarachnoid space (Cases 4, 10, 
and 11). 

The last two groups present some difficulty as to 
the explanation of a co-existing hydrocephalus, 
because the mechanisms that are active in its 
production differ from the generally accepted causes 
of hydrocephalus. 

It is interesting to submit the seven cases belonging 
to these groups to a further analysis. Case 4 offers 
no difficulties because the intracranial pressure and 
the size of the ventricular system were found to be 
normal. In Cases 1 and 5 the ventricles were dilated, 
but the intracranial pressure was not increased. 
Possibly there had been a period of hypertensive 
hydrocephalus, but obviously the intracranial hydro- 
dynamics had returned to normal. With the ex- 
clusion of these three cases, four patients remain in 
whom there was an increase of intracranial pressure. 
In Cases 8 and 9 air entered the pontine and inter- 
peduncular cisterns only and did not pass more 
anteriorly or to the convexity of the brain (Fig. 3b). 
The cause of this blockage is unknown. The opera- 
tive results were that one patient died, while in the 
other an increasing hydrocephalus persisted. 

Cases 10 and 11 were most remarkable. The 
examination revealed a perfect communication 
between the fourth ventricle and the spinal and 


intracranial subarachnoid spaces (see Fig. 6b). The 
cause of hydrocephalus in these cases is unknown. 
We were not astonished that decompression of 
the malformation did not yield any result in Case 
11, but we were much surprised that in Case 10 
the intracranial pressure was restored to normal, 
while the abnormal increase of the size of the head 


was arrested after this procedure. It is apparent 
that different mechanisms are involved in the 
production of hydrocephalus in patients with the 
Arnold-Chiari malformation, of some of which 
we are still ignorant. 
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Our findings demonstrate that not all cases of 
hydrocephalus with the Arnold-Chiari malforma- 
tion can be accounted for by an impediment to the 
cerebrospinal fluid circulation in the area of the 
malformation. As the causes of hydrocephalus 
are different in every individual case with Arnold- 
Chiari malformation, the spinal fluid circulation 
has to be examined in detail in each of these patients, 
since this may offer a reasonable basis for treatment. 
We think that the procedure applied in our cases 
may te helpful. 


Summary 


Eleven cases with the Arnold-Chiari malformation 
were examined by ventriculography with small 
quantities of air according to the Ziedses des 
Plantes method. In eight cases the presence of 
the malformation was demonstrated by the air 
studies. The intracranial pressure and the size of the 
ventricular system were estimated at the same time. 
Another advantage of this procedure is that it 
enables the investigator to estimate the patency 
of the communication between the fourth ventricle 
and the spinal and intracranial subarachnoid path- 
ways. In several cases the presence of hydro- 
cephalus could not be accounted for by the mech- 
anisms generally accepted as producing hydro- 
cephalus in cases with the Arnold-Chiari malforma- 
tion. 
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DISORDERS CAUSED BY AN UNUSUAL CALCIFYING LESION 
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From the Guy’s-Maudsley Neurosurgical Unit and the Departments of Clinical Neurophysiology 
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It has long been realized that “a particular 
variety of epilepsy’, neither petit mal nor grand 
mal, but characterized by a “‘ dreamy state’ and 
often accompanied by a crude sensation of an 
olfactory, gustatory, or epigastric nature, commonly 
arises as a result of lesions of various types in the 
temporal lobe (Jackson, 1888, 1889, 1898). This 
type of epilepsy, which has been described as 
epilepsy with intellectual aura, uncinate epilepsy, 
psychical epilepsy, and in recent years as psycho- 
motor epilepsy, can frequently be shown by electro- 
encephalography to be associated with a focus of 
spike discharge in the anterior part of one or both 
temporal lobes (Penfield and Erickson, 1941 ; 
Gibbs, Gibbs, and Fuster, 1948; Lennox, 1951). 
Often its victims also show marked personality 
disorders and even psychosis (Lennox, 1951). 

Temporal lobe epilepsy, however, is usually 
considered to be rare in children. The following 
two case histories are therefore of interest, not only 
because epilepsy of this type associated with a 
personality disorder occurred in childhood, but also 
because in both patients the symptoms were caused 
by an unusual focal collection of astrocytes, oligo- 
dendrocytes, calcospherites, and capillaries, appa- 
rently similar to the lesion described by Penfield and 
Ward (1948) as a ‘“‘ hemangioma calcificans’’. 
Further, in both patients these symptoms were 
relieved by temporal lobectomy. It is possible 
that lesions of this kind are not as uncommon as 
would at first sight appear, for, while in the cases 
that have been reported the lesion has generally 
come under notice as a calcified shadow visible on 
x-ray films, in one of our patients the lesion was 
not discerned radiologically. Indeed, even the 
presence of the lesion was unsuspected until histo- 
logical studies were completed, and pre-operatively 


the electroencephalographic findings were the sole 
guide post to the affected temporal lobe. 


Case Histories 


Case 1.—S.S., a girl aged 2 years 2 months, was 
referred in November, 1950, by Dr. J. G. Hamilton to 
the Children’s Department of the Maudsley Hospital 
(Dr. K. Cameron) for investigation of fits and a behaviour 
disorder. 

An only child of healthy parents, she was born in 
September, 1948, after a normal confinement, and until 
14 months old she seemed a normal, placid child. At 
12 months she started walking, and began saying a few 
words. Within two months, however, she became 
irritable and fretful, developed marked likes and dislikes, 
and often would stamp and scream for periods of up 
to a minute without apparent reason. Then, when 
nearly 2 years old, she began suffering from minor 
epileptic seizures, which soon increased in frequency 
up to six or eight a day. In a typical attack she would 
suddenly stop playing and look vacant for one or two 
seconds. Sometimes during this period she would extend 
her right arm, and either gaze at it or make plucking 
movements as if trying to pick up a non-existent object. 
Next moment coarse nystagmoid movements of the 
eyeballs would appear, and her head would fall forward 
for a few seconds with pupils dilated and eyeballs turned 
upwards. Her head would then right itself momentarily, 
only to fall forwards once more, this sequence going on 
for perhaps a dozen times. The whole attack might last 
two or three minutes before she would regain conscious- 
ness, but for several more minutes afterwards she would 
seem confused and bewildered. 

Once these attacks began, her temper tantrums 
ceased, but her mental development halted, and she made 
no further progress in walking or talking. Her parents 
sought advice in several quarters. A provisional diagnosis 
of an infantile affective disorder with breath-holding 
spells occurring against a background of over-anxious 
parents was entertained, and led to her admission to the 
Maudsley Hospital. 
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Examination revealed a physically healthy child, affec- 
tionaté, but very restless and difficult to manage. When 
2 years 5 months old her mental age as judged from some 
items of the Merrill-Palmer scale appeared to be less 
than 18 months (Miss M. Newell). She was thus retarded 
more than a year. She would say a few words and hum 
the tune of ** Boys and girls come out to play”. The only 
abnormal neurological sign was a very slight weakness 
of the right lower face. The skull was of average size 
for her age (maximum circumference, 19 inches). The 
cerebrospinal fluid was normal and the blood Wasser- 
mann reaction negative. An attack of measles shortly 
supervened, halting until January the following investiga- 
tions :— 


Radiographs of the Skull.—These disclosed an irregular 
area of calcification (5-5 cm. long by up to 2:5 cm. in 
depth) situated in the temporo-occipital region of the 
left cerebral hemisphere (Fig. 1). The bony outlines of 
the skull were normal. 





Fic. 1.—Case 1: Lateral radiograph of skull showing calcification in 
left temporal region. 





Ventriculography.—This showed both lateral ventricles 
in their normal situations without any shift or local 
indentation to indicate an expanding lesion. Unex- 
pectedly the trigone and temporal horn of the left lateral 
ventricle were slightly dilated with the calcified shadow 
appearing just beneath them (Fig. 2). Indeed, had the 
calcified shadow not been present, the appearances might 
readily have been mistaken for those of focal cerebral 
atrophy. 


Electroencephalography.—Records were obtainable only 
with the child deeply asleep after the administration of 
“seconal’”’, gr. 14, by mouth. The most obvious abnorm- 
ality was relative flattening of electrical activity in the 
left temporal and occipital regions (Fig. 3). Normal 
sleep fast and slow waves were seen over the right hemi- 
sphere and the left frontal region. In addition, epileptic 
discharges of irregular spike-and-wave type were observed 
over both cerebral hemispheres, right more than left. 
The E.E.G.s were interpreted as suggesting a large des- 
tructive lesion of the more posterior part of the left 
cerebral hemisphere which was causing epileptic dis- 
charges to appear over the intact cortex of the opposite 
cerebral hemisphere, as well as over the anterior part of 
the left hemisphere. 


While in hospital the child was given sodium 
phenytoin, gr. } t.i.d., and tridione, 0-3 g. b.i.d., 
for some weeks, but her attacks continued. It 
was clear, particularly on the x-ray findings, that 
some structural abnormality was present. Several 
diagnoses were conjectured, including calcified 
choroid plexus papilloma and cerebral calcification 
epilepsy (Geyelin and Penfield, 1929). The epileptic 
attacks were of an akinetic type, seemingly associated 
with a dreamy state and perhaps also a visual 
hallucination. The asymmetrical movements of 
the right arm and the variability of the attacks 
were not in keeping with true petit mal seizures, 
but were consistent with their being of temporal 





Fic. 2.—Case 1: Encephalograms, postero-anterior and lateral, 
showing slight dilatation of the trigone and temporal horn of the 
left lateral ventricle with the calcified shadow beneath. 
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Fic. 3.—Case 1 : Electroencephalogram taken with child asleep under “‘ seconal ” before operation (Dec. 12, 1950). Note the asymmetry in the 
posterior channels with flattening of the left side, but both hemispheres show irregular sharp waves and spikes (same paper speed as 


in Fig. 4). 


lobe origin, although the electroencephalographic 
findings suggested a more widespread lesion. 
However, the focal character of the radiological 
lesion was undeniable, and neurosurgical intervention 
was decided upon. 


Operation.—Under general anaesthesia a lateral cranio- 
tomy was performed, the lesion being located but not 
removed at this session. A week later the craniotomy 
was re-opened. A small transverse incision was made in 
the temporal lobe immediately below the superior 
temporal sulcus, and the temporal horn and vestibule 
of the lateral ventricle were laid open. A reddish-brown 
mass could be seen lying within the brain substance 
beneath the floor of the ventricle. It appeared circum- 
scribed. Consequently a block dissection of the inferior 


half of the temporal lobe and the adjacent occipital lobe 
was carried out, including the whole of the floor of the 
temporal horn and vestibule and part of the hippo- 
campus. At the completion of the removal, the temporal 
pole and the superior temporal convolution were still 
in situ, as was the uncus. The operation cavity extended 
up to the hiatus tentorii. 


Pathology.—The specimen consisted of the inferior 
part of the left temporal lobe, which had been severed 
by a horizontal cut through the middle temporal gyrus. 
It included the inferior temporal and fusiform gyri and 
the hippocampus but not the cortex of the pole or the 
uncus. It measured 7 (sagittal plane) x 5 (coronal 
plane) x 3 cm. and weighed 64-6 g. On coronal section 
the cortex to the naked eye was unduly deep and did not 
present the usual margin to the white matter. The latter 
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Fic. 4.—Case 1: Post-operative (April 3, 1952) sleep record in the same position. Note that the right hemisphere is now quite normal. 
The posterior part of the left hemisphere shows normal sleep spindles, but there is some diminution of the high voltage very slow waves 


of deep sleep. 


was largely replaced by a tissue which showed extensive 
microcyst formation giving a honeycombed appearance 
(Fig. 5). Innumerable calcospherites were scattered 
throughout the white matter (Fig. 6). A fairly dense 
fibrous gliosis was also present, and was particularly 
marked around many of the cystic spaces (Fig. 7) and 
around the calcospherites. In preparations stained with 
Cajal’s gold sublimate astrocytes were occasionally seen 
to arrange themselves radially around calcospherites 
(Fig. 8). 

Many of the cysts contained a fine reticular network of 
collagenous fibres in which there were found a few 
scavenger cells and debris of blood corpuscles. A few 
of the scavenger cells gave the iron reaction with Turn- 
bull’s stain. Those cysts containing blood superficially 
resembled an angiomatous malformation, but nowhere 
was an endothelial lining or evidence of other coats of 
a vessel wall seen. Occasionally capillaries and calco- 
spherites were found lying within the cystic spaces. 

The sclerosed tissue between the cysts contained 
numerous proliferating astrocytes and oligodendroglial 
cells although their proportion varied in different parts 


of the lesion (Fig. 9). A number of nerve cells of normal 
appearances were found in the less affected cortex, and 
an occasional nerve cell and a few nerve fibres could be 
seen even in parts showing dense glial proliferation. 


Postoperative Course.—The child’s convalescence was 
fairly smooth, and no further fits were observed. She 
returned to the Maudsley Children’s Department on the 
twelfth postoperative day, at which stage she was alert, 
played contentedly with her toys, and was much quieter 
than before. She could still see objects to her right side, 
although theoretically a right-sided upper quadrantic 
homonymous hemianopia must be present. She was, 
however, too young to test on the perimeter. There was 
still slight weakness of the right lower face, but no other 
neurological signs were detected. When discharged to 
her home on the seventeenth day she seemed a naturally 
contented child and was talking more freely. Sodium 
phenytoin, gr. } twice daily, was prescribed for a 
prolonged period. 


Follow-up.—She has since been re-examined on several 
occasions, the last being 14 months after operation 





Fic. 7 


Fic. 5.—Case 1: Coronal section through specimen 
showing honeycombed appearance owing to numerous 
microcystic spaces in the white matter. Haematoxylin- 
eosin, X 3. 


Fic. 6.—Case 1 : Numerous calcospherites in the centre of 
the tumour. Haematoxylin-eosin, x 5. 


Fic. 7.—Case 1: Fibrous gliosis particularly marked 
around microcystic spaces which contain a fine reticular 
network. Holzer, x 75. 


Fic. 8.—Case 1: Radial arrangement of astrocytes 
around calcospherite. Cajal’s gold sublimate, x 235. 
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Fic. 9.—Case 1: Calcospherites, capillaries, and proliferating 
astrocytes and oligodendrocytes. Haematoxylin-eosin, x 300. 


Radiographs show no return of intracranial calcification. 
She has been completely free of epileptic attacks. Cared 
for by anxious parents and an attentive nanny, she is 
somewhat indulged, but on acquaintance she becomes 
friendly and responsive. She expressed herself clearly 
with short phrases and sentences, would name objects, 
and sing several tunes. Psychological tests were repeated 
at intervals, and Miss Newell found that when she was 
3 years old her mental age on the Merrill-Palmer scale 
had risen to 2 years | month, and when she was 3 years 
. 7 months her social age on the Vineland Social Scale 
was 2 years 6 months. Her mental age and social 
behaviour thus appear to be progressing at a constant 
rate, but are still approximately a year behind the 
average for her age. A letter from her parents two years 
after operation says she is still improving. 

Electroencephalography.—E.E.G.s performed shortly 
after operation showed a normal appearance of the right 
cerebral hemisphere (Fig. 4). The area of relative inac- 
tivity still persisted in the left posterior inferior region 
and a few small spikes were seen on the edge of this area. 
A sleep record 14 months after operation showed only 
very doubtful flattening of the left posterior temporal 
region, and the record could be passed as within normal 
limits. 


Clinically this child has been relieved of her 
epilepsy and temper disorders. However, she is 
still a difficult child to manage although her. be- 
haviour is better. Her mental standards are improv- 
ing at a fairly normal rate, although her scoring 
is still well behind that of a normal child of her age. 

The pre-operative electroencephalographic exam- 
ination was very difficult in this child and conse- 
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quently was limited. The general impression gained 
was one of widespread and bilateral epileptic 
disturbance. Subsequently the restoration of an 
almost normal electrical rhythm to both cerebral 
hemispheres, after such a limited excision, is 
particularly intriguing, and adds substance to the 
view expressed by Krynauw (1950) on the basis, of 
his hemispherectomy studies that the pathological 
activity of a limited area of abnormal tissue may 
have a profoundly disturbing influence on the func- 
tioning of the surrounding normal brain. 


Case 2.—P. K., a girl aged 14 years, was referred to 
the Children’s Department of the Maudsley Hospital 
(Dr. D. A. Pond) in March, 1951, by Dr. R. W. Tibbetts 
for investigation of an “‘ atypical epilepsy and behaviour 
disorder’. The investigations were interrupted several 
times because exacerbations of this behaviour disorder 
rendered her unmanageable, leading to her temporary 
transfer elsewhere. She was finally admitted to the 
Neurosurgical Unit for operation in June, 1953. 

Her birth and early development had been normal, 
and there was no family history of epilepsy. She had 
been seduced at the age of 9 years, and on this her 
parents blamed her subsequent troubles, for shortly 
afterwards she had her first fit. In this one day she 
suddenly clutched her mother, said, “I feel funny ”’, 
and went red in the face, there was no loss of con- 
sciousness, and a few seconds later she seemed all right 
again. During the next five months she had further 
similar attacks about twice weekly, and then more 
severe seizures also appeared. She herself said that 
these attacks usually began with a strange feeling in 
her abdomen which she found difficult to describe. 
Her parents said that she might cry out and appear 
dazed at their onset, and then within a few seconds 
she would lose consciousness and remain unresponsive 
for from one half to three minutes. Often she lay still, 
but at other times she would keep kicking her legs. 
Sometimes smacking movements of the jaws were ob- 
served, and sometimes also she was incontinent of urine. 
She was usually flushed in the early stages of the attack 
and pale towards the end. The patient added that if 
immediately the epigastric sensation appeared, she could 
concentrate her thinking on something else, she could 
often abort an attack. A potent way of doing this 
was by laying her head on her father’s shoulder. Indeed 
she became unduly attached to her father, and he to her, 
and several psychiatrists who saw her throughout 
subsequent years felt this relationship in some way had 
much to do with her various symptoms. 

About a year after their onset her fits reached a 
frequency of 15 to 20 major attacks a day, but then 
shortly afterwards lessened to one every few months. 
About this time her behaviour deteriorated markedly. 
She would become aggressive and violent for hours on 
end, a contrast to her former friendly and affectionate 
nature. She also became wilful, insolent, and vulgar, 
and at times would expose herself. As a result the 
family situation also deteriorated with much rivalry 












240 MURRAY A. FALCONER, DESMOND A. POND, A. MEYER, AND A. L. WOOLF 





a La 
yi vl, Or fae race wal" uniet elatn 


ee 


5 4 3 2 I 
S of ‘of ‘ Ke ; 6 \o 
iia 







~ —— Sune ~ 


pred ar parent a 


a ~ na a 





< | second — 


Fic. 10.—Case 2: Preoperative E.E.G. showing a focus of irregular slow waves in the inferior part of the right mid-temporal lobe. Sharp 
waves are also recorded from the same area. The arrow marks the onset of a brief seizure during which the patient flushed, gripped her throat, 
and exhibited irregular movements of her limbs. The seizure lasted approximately 30 seconds, the record and the patient’s condition both 


among the siblings and inconsistent handling by the 
parents. She was seen by many doctors and even had 
a short period in an epileptic colony. Hysteria was 
frequently considered, and the diagnosis of epilepsy was 
not settled for several years because her attacks were 
of a type unusual in childhood, were often precipitated 
by emotional outbursts, and were relatively unaffected 
by anticonvulsant drugs. 

From April, 1951, she spent most of her time in various 
wards of the Bethlem Royal and Maudsley Hospitals, 
with periods at home to which she was taken by her father, 
who often allowed himself to be persuaded by the 
child that she was being maltreated. However, he always 
came begging us to take her back after a few days of 
her behaviour at home. On the wards her behaviour 
was at times aggressive and unpredictable but mostly 
she had an air of injured innocence and hostility, and 
she displayed a great capacity for playing off staff and 
patients against each other. Several unavailing attempts 
were made at individual psychotherapy. The only 
factor apparently related to her behaviour was the 
number of seizures, for a group of attacks such as she 
frequently experienced just before menstruation always 





rapidly returning to normal. Note the symmetrical generalized flattening of the record at the onset of the attack. 


caused her to be subdued and manageable for a few 
days, whereas a single attack would have little effect. 
She averaged two or three attacks weekly in spite of 
regular and intensive anticonvulsive drugs. 

The physical and neurological examinations were 
normal as were the visual fields, the cerebrospinal fluid, 
and the Wassermann reactions in blood and cerebrospinal! 
fluid. Psychological tests showed that the Wechsler 
full-scale 1.Q. was 79 (verbal 87 and performance 74). 
Nothing suggestive of organic disease was found in the 
sub-test score matter, nor in the Rorschach and other 
psychological tests. 


Electroencephalography.—Several E.E.G.s had been 
taken in other hospitals before admission to the Maudsley 
Hospital. The outstanding characteristic of these records 
was the great variability in the degree of abnormality. 
Some records were quite normal, but those that were 
abnormal showed fundamentally the same focal distur- 
bance, namely irregular sharp-and-slow-wave complexes 
in the right inferior fronto-temporal region. Fig. 10 
shows the usual pattern obtained from the standard 
vault electrodes, as well as the onset of one of the 
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Post-operative record in the same position as the pre-operative one. Note the disappearance of the irregular slow activity 


and the increased amount of alpha rhythm. 


typical short seizures in which the autonomic phenomena 
were so predominant. Besides the standard electrode 
positions, other placements with additional electrodes 
on the zygoma and over the temporal and frontal 
regions were tried in an effort to localize the area. The 
sharpest waves were obtained from the inferior surface 
of the temporal lobe by means of needle electrodes 
placed under the foramen ovale according to a new 
standardized technique (‘‘ sphenoidal leads”). Owing 
to her non-cooperation this particular examination was 
performed under light pentothal anaesthesia in the 
E.E.G. Department at Guy’s Hospital just before the 
operation. 


X-ray Studies.—Radiographs of the skull were normal, 
while a right carotid arteriogram showed a normal 
vascular pattern. Cisternal encephalography, however, 
showed that while both lateral ventricles were in their 
normal positions without any evidence of a shift or 
other abnormality, the right lateral ventricle was slightly 
smaller than the left (Fig. 12). The temporal horns, 
however, were symmetrical. 


Here then was a young girl with epilepsy, often 
of akinetic type, but characterized by a “‘ dreamy 
state’’ and associated with an epigastric aura. 


Her fits and personality disorder were in a sense 
antithetic : when the fits became infrequent her 
behaviour disorder became worse. There were no 
focal neurological signs, the air-encephalographic 
findings were inconclusive, and the only definite 
clues implicating the right temporal lobe were the 
various electroencephalographic findings. The girl 
was often unmanageable at home, and she was 
facing certification and permanent retention in an 
institution. On the strength of the electroencephalo- 
graphic findings we therefore decided to remove the 
right temporal lobe, performing the widest removal 
possible without incurring any disabling symptoms. 


Operation.—Under general anaesthesia a right lateral 
craniotomy was performed, exposing the convexity of 
the temporal lobe and the adjacent portions of the 
frontal and parietal lobes. The surface appearances of 
the brain, including the inferior aspect of the temporal 
lobe, seemed normal. The temporal lobe anterior to 
Labbé’s vein was then removed in one piece, the specimen 
including the temporal pole, the anterior 3 cm. of the 
superior temporal convolution, the inferio-lateral border 
of the lobe for a distance of 8 cm., the uncus, and the 
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tumour-like proliferation of astrocytes and oligodendro- 
cytes (Fig. 15). Holzer-stained sections revealed con- 
siderable fibrous gliosis throughout the lesion, being 
particularly marked around the calcospherites and in 
the sub-pial layer. Many nerve cells of normal size 





Fic. 12.—Case 2: Encephalogram showing that the right lateral 
ventricle is slightly smaller than the left. 


anterior 3 cm. of the hippocampus (Fig. 13). The 
insula and roof of the temporal horn of the ventricle 
were left undisturbed. 


Haematoxylin-eosin, x 6. 


and appearance were dispersed throughout the lesion. 
Maldeveloped nerve cells and glial cells of the type 
found in tuberose sclerosis and ganglioglioneuroma 
were nowhere seen. Outside the main lesion the 
histological changes consisted of a patchy marginal 
gliosis and occasional calcification of capillaries. There 
was no sclerosis of Ammon’s horn. The cortex showed 
no appreciable outfall of nerve cells, but the usual 
biopsy artefacts. The meninges were slightly fibrosed 





Fic. 13.—Case 2: Lateral aspect of removed temporal lobe. The 
specimen is inverted with the temporal pole on top. 


Pathology.—The specimen was divided into three 
blocks and then was embedded in celloidin. An investi- 
gation by silver impregnation methods for which frozen 
sections were required was thus impossible. No 
abnormality was noted on macroscopic inspection. 

Histologically the most striking change was seen in 
the region of the uncus. This region contained a 
lesion 14 cm. in length and ? cm. in breadth containing 
numerous calcospherites and capillary blood channels, 
some of which were in the process of calcification 
(Fig. 14). Between the blood vessels and calcospherites 
which gave the Kossa reaction for calcium but did not 
stain with Turnbull’s iron stain, there was seen a 








Fic. 15.—Case 2: Calcospherites, capillaries, and proliferating astrocytes and 
oligodendrocytes. A few normal nerve cells. Haematoxylin-eosin, x 300. 
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and some of the meningeal blood vessels showed slight 
calcification. 


Post-operative Course—For some days the patient 
exhibited a partial ptosis of the right upper eyelid, 
evidently from some interference with the third cranial 
nerve, but no abnormality of oculomotor movements 
or of the pupillary resections. On the fourth post- 
operative day she had four transient focal seizures 
involving the left side of the face. Subsequently she 
had further focal fits on the sixth, seventh, and eighth 
post-operative days. Apart from these features her 
manner and behaviour were little different from that 
expected after a routine craniotomy. 

By the second week a striking improvement was 
observed in her manner, for she had become quiet and 
cooperative. She now described the aura to her old 
attacks as a sequence of thoughts which would pass 
through her mind in rapid and jumbled succession for 
a few seconds before she lost consciousness. Sometimes 
these thoughts used to come and pass off without any 
loss of consciousness. She also denied ever having had 
the epigastric aura which pre-operatively she had 
described. Visual field testing showed that she had 
developed a slight left-sided, upper quadrantic, homo- 
nymous hemianopia ; otherwise the neurological exam- 
ination was still negative. Psychometric testing by 
Miss S. M. Cox showed a definite improvement in her 
intellectual abilities. 








Test | Pre-operative Post-operative 
Wechsler : Verbal 1.Q. .. ro 87 93 
Performance 1.Q. .. 74 87 
Full scale 1.Q. 79 89 
Porteus maze bss ra beat 89 | 107 





She was transferred back to the Maudsley Hospital 
from the Neurosurgical Unit on the twentieth post- 
operative day, and soon afterwards she returned home 
with advice to take phenytoin, gr. 14, twice daily. 


Follow-up.—She was seen again nine months after 
operation, and reports were received from her parents, 
doctor, school teacher, and social service worker. All 
these testified that she was now a normal girl, well- 
behaved, getting on well at school, and completely free 
of any suggestion of epilepsy. 

Post-operative Electroencephalography.—For the first 
few weeks after operation a considerable asymmetry 
was present with a focus of fairly regular slow waves 
in the posterior temporal region which could be reason- 
ably ascribed to the operative interference. Over- 
breathing increased the asymmetry and the response 
to photic stimulation was also asymmetrical. Eight 
months later the record had become more normal 
(Fig. 11), and the effects of photic stimulation sym- 
metrical. At no time have any of the anterior temporal 
Sharp-and-slow-wave complexes been seen. 


This child, like the first, has recovered from her 
epilepsy and temper disorders, and is now develop- 
ing as a normal girl. It is interesting that in both 
causes there was the same histological lesion, the 
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only difference in the clinical findings being that 
in the first the lesion showed as a calcified shadow 
visible in x-ray films, whereas in the second case 
the calcification was not sufficiently dense to be so 
visualized. Indeed, in the second case no clue to the 
nature of the lesion was forthcoming from the 
history, clinical examination, pre-operative in- 
vestigations, or even from the operative findings. 
The underlying pathology was not realized until 
histological studies of the resected temporal lobe 
had been made. 
Discussion 

These two case histories present several points 
of interest, particularly those concerning the nature 
of the tumour, its clinical effects, and the response 
to surgery. They raise the question as to how 
frequently other patients, children as well as adults, 
may not harbour the same causal lesion, and how 
this lesion can be recognized and diagnosed. 


Nature of Tumour.—The interpretation of the 
pathological change is difficult. The combination 
of intensive calcification, increased vascularity, 
and glial sclerosis recalls the ‘“ hemangioma 
calcificans ’’ described by Penfield and Ward (1948). 
These authors described five cases of a circumscribed 
calcified lesion occurring in one temporal lobe 
of patients whose ages varied from 21 to 63 years, 
and who had suffered from epilepsy for from one 
and a half to 30 years. In four of the cases the lesion 
was successfully removed at operation with relief of 
seizures, while the fifth case was studied at necropsy. 
Penfield and Ward made the point that these lesions 
were either very slowly growing or stationary 
and that, although they might indent the temporal 
horn of the ventricle, they did not produce a shift 
of the ventricular system as visualized by air- 
encephalography. In all their five cases the lesion 
was visible in plain x-ray films, and they stressed 
this fact as one of diagnostic importance. However, 
they mentioned an additional case, in which a small 
mass, that histologically was of the same type, had 
been removed from the temporal lobe of a man 
aged 39 years. Although this mass likewise had 
been causing epilepsy, they eliminated the case from 
further consideration because no calcification had 
been detected radiologically. 

In Penfield and Ward’s cases evidence of angio- 
matous malformation was described, but this is 
missing in our cases unless it has been obscured by 
intensive calcification. It is noteworthy that Fig. 2 
of Penfield and Ward’s paper somewhat resembles 
Fig. 7 of our paper, which we have interpreted as 
microcyst formation and not as an angiomatous 
malformation. There is a certain resemblance 
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between these lesions and the lesions which Geyelin 
and Penfield (1929) and more recently Alexander 
(1953) have described as “‘ endarteritis calcificans 
cerebri’’. The main difference is that the latter 
condition has a familial incidence and usually leads 
to multiple lesions. Again, especially in our first 
case, there were also points of resemblance to 
astrocytoma and oligodendroglioma, in particular 
to their combination described by de Busscher 
and Scherer (1942) as oligodendro-astrocytoma. 
The particular tumour which they described 
occurred in a patient aged 57 and took its origin 
from the septum pellucidum growing into the 
anterior horn of the lateral ventricle. However, as 
no further similar observations have been recorded 
the nosological position of this tumour is not 
clearly defined. 

In our two cases there was no positive evidence 
that the lesions had been caused by inflammation, 
by vascular disturbance, or by trauma. However, as 
Penfield and Ward considered their concept of 
“hemangioma calcificans”’’ as of rather tentative 
value, allowing a provisional grouping of cases with 
somewhat unusual lesions, we feel it is permissible 
to add our two new cases to this group. 


Clinical Aspects.—The clinical effects of the lesions 
seen in our two cases were those of epilepsy arising 
within the temporal lobe, and were obviously 
the result of their local situation and not of their 
pathological characteristics. In this respect their 
effects were similar to those of other lesions of the 
temporal lobe, such as scars, areas of softening, 
neoplasms, and racemose angiomas (Jackson, 
1888 and 1898; Penfield and Erickson, 1941). 
As is sO common with temporal lobe epilepsy 
(Lennox, 1951) both our patients showed conspi- 
cuous personality and behaviour disturbances, 
and indeed it was largely on account of these 
disturbances that they were referred for operation. 

The paper of Penfield and Ward (1948) indicates 
that calcified lesions of various sorts are not uncom- 
mon with temporal lobe epilepsy. Besides the five 
cases of “‘ hemangioma calcificans ” already quoted, 
they encountered during the course of six years 
seven other cases of calcified lesion including 
racemose angioma, calcified intracerebral haema- 
toma, and calcified tuberculoma. Their experiences 
therefore support the view that every patient with 
chronic epilepsy should have the skull radio- 
graphed, especially if the clinical picture is that of 
temporal lobe epilepsy. The disclosure of a calcified 
intracerebral shadow should then point the way to 
further investigations, and to consideration of 
surgical treatment if adequate treatment with 
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anticonvulsant drugs fails to control both the 
seizures and the behaviour disorder. 

Our second case, however, as well as the additional} 
case of Penfield and Ward (1948), shows that these 
lesions may not be sufficiently calcified to be 
visualized in plain x-rays, neither may they be 
demonstrated by air encephalography or by cerebral 
arteriography. The clinical picture then is that of 
temporal lobe epilepsy without any clinical, neuro- 
logical, or radiological evidence of a structural 
lesion. We do not know how frequently this occurs, 

It is in such cases that electroencephalographic 
investigation becomes of paramount importance, 
for it may be on the electroencephalographic 
evidence alone that the surgeon is called upon to 
remove the offending portion of the brain. The 
problem of diagnosis in such cases is part of the 
larger problem of recognizing in uncinate or 
psychomotor epilepsy which temporal lobe contains 
the epileptic focus. Special electroencephalographic 
techniques are often required, including sleep 
records and special placement of the electrodes. 
Our second patient was one of a dozen subjects 
with intractable epilepsy in whom a_ unilateral 
or predominantly unilateral ‘ spike-discharging ” 
focus was demonstrated in the anterior temporal 
region and then was removed at operation. The 
other cases will be reported separately, but in 
each some histological change was found in the 
temporal lobe. However, we have no certain 
information as to the frequency with which the 
calcified lesions described in this paper occur 
and are responsible for symptoms. 


We wish to thank Dr. Kenneth Cameron, Head of 
the Children’s Department, Maudsley Hospital, for 
kindly allowing us to use his records of the first case, 
Dr. Denis Hill, Head of the Department of Clinical 
Neurophysiology, Maudsley Hospital, for his advice 
and interest in the electroencephalographic investiga- 
tions, and Professor Dorothy Russell for comments on 
our histological findings. We are also indebted to 
Miss M. Newell and Miss S. M. Cox, of the Department 
of Psychology, Maudsley Hospital, _ reports on our 
two patients. 
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SPINAL PATHWAYS SUBSERVING DEFAECATION AND SENSATION 
FROM THE LOWER BOWEL 
BY 
P. W. NATHAN and MARION C. SMITH 


From the Neurological Research Unit of the Medical Research Council, 
National Hospital, Queen Square, London 


The purpose of this study has been to find out the 
location within the human spinal cord of the 
following pathways: those subserving voluntary 
control of defaecation ; those necessary for the 
coordination of defaecation; those conveying 
afferent impulses from the lower bowel, rectum, 
and anus. 

There is almost no literature concerning the region 
of the spinal cord where these tracts run in man. 
Previous work has mainly been devoted to the 
effects on defaecation of total division of the spinal 
cord or of lesions of the sacral nerve roots. 

Hertz (1911) considered the location of the spinal 
afferent pathway; he concluded from cases of 
tabes that it lay within the posterior columns. 
But it is now known that although in tabes the 
posterior columns show degeneration, this is due 
to the lesion at the root entry zone, and so it 
may be concluded that the afferent pathways from 
the rectum are involved here, and not necessarily 
in the posterior columns. 

Observations on the effects of dividing the tracts 
of certain parts of the cord and of confirming after 
death the parts divided seem to have been carried 
out only by Foerster (1936). He stated: ‘“* After 
bilateral section of these tracts [the antero-lateral 
and the anterior columns] I have repeatedly found 
disturbances of the rectum, and particularly of the 
sphincter. But they always recover”. He concluded 
that the “rectal pathways” run partly in the 
anterior and antero-lateral columns. 

The argument on which the following work is 
based is as follows. If division of certain limited 
parts of the human spinal cord causes the same 
abnormalities of defaecation as occur after total 
division of the cord, then such limited lesions must 
have divided the tracts that convey impulses sub- 
serving the normal functioning of defaecation. 
Where there is only a partial disturbance of 
defaecation it may be concluded that only some of 
the relevant tracts are divided. From such cases a 


more detailed analysis of the distribution of the 
tracts is possible. 

Before considering the effects of division of 
pathways subserving defaecation it is desirable to 
consider certain aspects of the normal voluntary 
control of defaecation, and to relate briefly the sort 
of rectal and anal functioning which occurs following 
division of the entire spinal cord at any level 
between the sacral centre and the cerebrum. 

Normal voluntary control of defaecation permits 
the subject to start defaecation, to withold defaeca- 
tion regardless of the desire to defaecate, and to 
stop defaecation in the middle or at the end of the 
act. 

The mechanism of voluntarily starting defaecation 
is not fully understood. A reflex act is initiated by 
volition. The intra-abdominal pressure is increased, 
and the external sphincter is relaxed. If this 
muscle is not relaxed it tends to contract synergically 
whenever the intra-abdominal pressure is raised. 
[t is obvious that defaecation cannot occur unless 
there is a certain minimal quantity of faeces in the 
rectum, and even when the rectum contains faeces, 
defaecation cannot always be started, even in the 
normal. In this respect the rectum differs from the 
bladder, for a normal subject is able to micturate 
when there are only a few drops of urine in the 
bladder. 

The ability to withold defaecation depends on 
voluntary contraction of the sphincter. This muscle 
can be held contracted for 30 to 60 seconds, during 
which time the rectum automatically dilates to 
accommodate itself to hold increasing contents at 
the same pressure. 

The ability to stop the act of defaecation, once it 
has started, likewise depends on voluntary con- 
traction of the external sphincter and the muscles 
which reinforce its action. 

When the spinal cord is divided above the 
second sacral segment defaecation differs from the 
normal in four main respects. 
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First, voluntary control of the act is absent. The 
patient cannot start or stop defaecation in a normal 
manner. 

Secondly, no afferent impulses reach conscious- 
ness. There is no urge to defaecate and no rectal 
pain ; the patient does not know when he passes 
faeces. As he has no awareness of rectal events, he 
does not instinctively aid defaecation by increasing 
the intra-abdominal pressure. 

Thirdly, some reflexes of the external sphincter 
are absent. Gaston (1948) showed in the normal 
that rapid distension of the rectum by a balloon 
causes a contraction of the external sphincter, even 
when the subject is asleep. This ‘ response” 
normally occurs when the intra-abdominal pressure 
is suddenly raised. After transection of the cord 
the response no longer occurs, and so the patient is 
likely to be incontinent when he coughs or makes a 
sudden movement. 

Fourthly, the automatic or reflex components of 
defaecation differ from their normal counterparts 
in that there is obstinate constipation (except when 
the faeces in the rectum happen to be in a liquid 
state). The reasons for this dyschezic constipation 
are not immediately obvious. Denny-Brown and 
Robertson (1935) comment : 


“The defective evacuation of solids resulting from 
these nervous lesions appears therefore to result not 
from deficient reaction to distension of the rectum 
but from lack of sufficient propulsive power in the act. 
The deficiency is not an absence of peristalsis.” 


One of the causes is the formation of a ball-valve 
of hard, dry faeces blocking the anal canal, which is 
partly the result of the paralysis of the levator ani. 
But even when this hard mass of faeces is artifi- 
cially removed, the rectal propulsion is incapable 
of emptying the rectum, unless the faeces are liquid 
or semi-liquid. 

This syndrome, however, is not always as com- 
plete as has just been described. Sometimes the 
rectum is able to discharge its contents automati- 
cally, and to do so regularly at the same time every 
day. Foerster (1936) reported that one of his 
patients with a complete transection of the cord 
could always bring on defaecation by rubbing the 
inner side of the thigh. 


CLINICAL EVIDENCE 
Material and Methods of Investigation 


The material of this study consists of patients 
with cancer on whom the operation of antero- 
lateral cordotomy has been performed for the 
relief of pain. Only those cases in which histological 
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examination of the spinal cord has been carried out 
are used as evidence. In the section on the clinica] 
syndrome resulting from unilateral antero-latera| 
cordotomy, cases in which no necropsy has been 
performed will also be considered. 

Routine clinical observations were made in all 
cases before and after the operations on the spinal 
cord. A rectal examination was carried out, and 
the postural tone and voluntary contraction of the 
sphincter and levatores ani were investigated digi- 
tally ; the cutaneo-muscular anal reflex was elicited 
by dragging a pin over the peri-anal skin. Two 
forms of balloon were passed per anum into the 
rectum. The one form consisted of a condom 
surrounded by a silk bag connected bya t-tube to a 
mercury manometer and to an inflating bulb. 
Notes were made before and after operation at 
what pressure in millimetres of mercury a desire to 
defaecate was experienced and at what pressure this 
sensation became painful. With such an apparatus 
part of the pressure is certainly dissipated against 
the silken case surrounding the condom, but as this 
factor is constant, the same silk bag being used 
before and after operation, the readings on each 
patient are comparable. The pressures at which 
most patients had a desire to defaecate varied 
between 40 mm. and 100 mm. of mercury. The 
other form of apparatus consisted of a rather thick 
toy balloon connected to a very narrow tube. The 
balloon was passed into the rectum while the tube, 
passing through the anal canal, was connected to 
a syringe. The amount of air injected to cause the 
sensations was noted. To cause a desire to defaecate, 
usually 100-400 ml. of air had to be injected. The 
patients were also asked to comment on the sensation 
when the balloons were extruded through the anus. 


Cases with Bilateral Spinal Lesions 


The cases with bilateral lesions are considered 
under the headings Groups la, Ib, and II]. They are 
listed in Table Il. To facilitate reference to the same 
cases in our previous paper (Nathan and Smith, 
1950), the same case numbers are used throughout. 


Group Ia: Defaecation Similar to that of Total 
Cord Transection.—Before their operations these 
14 patients had normal rectal and anal functioning 
and normal sensation. After their operations 
they had a syndrome most similar to that described 
above as occurring in complete cord transection. 

In these patients, after the operation the pressure 
in the rectal balloon could be raised as high as 
280 mm. of Hg (the upper limit of the apparatus) 
without there being a desire to defaecate or pain. 
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*When there were two operations there are two numbers under the 
heading of survival. Right or left in this column indicates the side 
of the cord incised. In the next column, it refers to the side of the 
body. 


Although it is believed that the pathway con- 
ducting pain from the rectum had been divided in 
all these cases this could obviously be shown in 
only those cases in which there was rectal pain 
cured by the cordotomy, namely Cases 2, 5, and 6. 
It should be noted, however, that none of the 
patients of Group I had any discomfort even 
though the recta were filled with faecal blocks. 

That the dyschezic constipation which occurred 
in all the cases in Group I is due to disturbance of 
the nervous arrangements controlling the rectum 
and not those of the colon above, was shown by 
three further patients (not included in Table 1). 
These patients had satisfactorily working colostomies 
in the descending colon. The bilateral antero-lateral 
cordotomy was performed as on the patients in 
Group I; this caused no disturbance of bowel 
behaviour, no change in the daily evacuation 
rhythm, and no change in the consistency of the 
faeces. 

Thus the cases of Group Ia show that the lesions 
made by bilateral antero-lateral cordotomy may 
cut all those tracts subserving normal, voluntarily 
controlled defaecation. In these cases the lesions 
in the cord were made between the third and the 
twelfth thoracic segments. 

These cases of Group Ia differ, however, in 
three respects from cases of cord transection. 

Most of these patients regained some degree of 
anal sensation: sensations of warmth, cold, and 
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pain remained lost to them, but sensations of 
touch and stretch recovered or were never lost. 
Such sensation was adequate to enable them to 
feel faeces passing through or in the anal canal, 
or to feel them at the internal entrance of the canal. 
Accordingly, many of these patients knew when 
they were about to pass or were passing something 
per anum. This anal sensation, however, is not 
the same as that underlying the normal desire to 
defaecate, although, unless the matter is gone into 
carefully, some patients state that they have the 
normal desire to defaecate. It may be held that it 
is hardly correct to consider the sensation exper- 
ienced when faeces or an instrument dilate the 
anal canal as not being the sensation underlying 
the desire to defaecate, especially when this sensa- 
tion is interpreted by the patient as an urgent 
desire. Yet it is known that the true desire to 
defaecate normally arises in the rectum and not in 
the anus. Anal sensation, from which the elements 
of thermal sense have been removed, was found 
to be inadequate to permit its possessor to distinguish 
wind from faeces. 

The second respect in which these cases differed 
from cases of complete transection is that there 
was a tendency for the levator ani to recover from 
the original paralysis. 

The third respect in which the cases of Group I 
differed from cases with complete cord transection 
was that the cases of this group had lost the anal 
reflex. After the cord has been divided in man 
this reflex emerges early from spinal shock. But 
all cases of Group I showed permanent absence 
of this reflex. Miiller (1901) stated that the absence 
of the anal reflex has no pathological significance, 
as he found it absent in a half of normal women 
and three-quarters of normal men. But the fact 
that the reflex was always present in these patients 
before the operation and always absent after it 
has pathological significance. 


Group Ib: Slight Recovery of Voluntary Control of 
Defaecation.—-In this group there are two patients. 
They both had at first the same syndrome as that 
shown by the patients in Group Ia, but in their 
case there was more return of voluntary power in the 
levatores ani than in the patients in Group Ia, 
and there was some recovery of voluntary control 
of the external sphincter. They could contract these 
muscles and keep them contracted only by using 
much effort, and they could do so only when they 
contracted other related muscles. Thus they were 
able to close the anal canal by performing a large 
movement, consisting of indrawing of the pelvic 
floor and adduction of the thighs. This return 
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of some voluntary control of the anal sphincter 
and levatores ani occurred in the one case about 
three weeks after the operation, and in the other 
about two months after it. It is possible that had 
some of the patients in Group la lived longer, or 
had they regained better general health and more 
agility, they might also have shown similar recovery 
in this voluntary control. One is therefore unwilling 
to lay much stress on this recovery in these two 
patients or the lack of it in the others. 


Group II : Partial Lesions.—This group contains 
two heterogeneous cases. In Case 21, the incision 
was purposely made superficial on one side of the 
cord. The disturbances of defaecation that were 
present immediately after operation eventually 
passed off. In Case 22, a colostomy had previously 
been performed, and so the rectum was no longer 
in use as an organ concerned with defaecation or the 
retaining of faeces. But as the operation caused 
effects on the pain arising in the rectum, the case is 
of use in throwing light on the afferent pathway of 
impulses subserving pain from the rectum. 

In Case 21, the incision on the left side of the cord 
was made 4 mm. deep and in an oblique direction 
latero-anteriorly, the knife being inserted 2 mm. 
anterior to the denticulate ligament ; on the right 
side of the cord, the usual 5 mm. incision was made, 
starting just anterior to the denticulate ligament. 


At first after the operation the patient had urgency 


of defaecation. He knew when something was 
about to pass, but he could not tell wind from 
faeces ; if he thought it was wind, and decided to 
pass it, and then found that it was faeces, he could 
not stop the act. Twenty-five days after the operation 
he still had much difficulty in defaecating ; the act 
did not occur spontaneously and was performed 
only with difficulty when he tried to induce it ; he 
could defaecate only after taking aperients. When 
he was about to defaecate, however, he could not 
delay the act for long, still having urgency of 
defaecation. He had by this time recovered the 
ability to discriminate between wind and faeces, 
being able to tell which he wanted to pass, and being 
able to distinguish them as he passed them. He had 
the normal sensation underlying the desire to 
defaecate. Fifty-two days after the operation he 
considered that all aspects of defaecation had 
returned to normal; he defaecated daily or every 
other day. The tone and grip of the sphincter were 
normal and the levatores ani were under normal 
voluntary control. The anal reflex was present on 
the side of the body opposite the superficial cord 
incision, and absent on the side of the body opposite 
the usual incision. Before the operation, when 
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the pressure in the inserted balloon was 30 mm. of 
Hg, he got a desire to defaecate, and when it was 
50 mm. he had pain. After operation a pressure of 
40 mm. gave him the sensation that he was defaeca- 
ting ; at a pressure of 100 mm. he got this sensation 
more strongly, but no urge to defaecate. Thus, 
from the beginning, this patient never had the 
syndrome seen in Group Ia. He had only urgency 
of defaecation, and the inability to distinguish 
wind from faeces. These conditions recovered, so 
that the patient said that defaecation was normal : 
in fact it was so, except that some disturbance of 
function was shown by the absence of the anal 
reflex, and it was open to doubt whether the pathway 
conducting impulses subserving the sensation under- 
lying the desire to defaecate was in fact normal. 

In Case 22, there was a carcinoma of the rectum, 
which protruded at the anus, involving the sphincter. 
The patient had a constant, severe, aching pain 
within the rectum, and, intermittently, a sharp 
shoot of pain, which felt as though a knife were 
being dug into the anus. A bilateral cordotomy 
was performed at the fifth thoracic segment (in 
another hospital) ; it caused no complete analgesia 
in any part of the body. It did, however, ameliorate 
the pain, although it did not entirely remove it; a 
feeling of soreness at the anus remained. The 
operation did not interfere with the functioning of 
the colostomy. 


Cases with Unilateral Lesions 


The possible criticism that a unilateral lesion may 
not divide all the relevant pathways on the one side 
of the cord is met by showing histologically that the 
unilateral lesion is in the same place as one of the 
bilateral lesions which together cause the clinical 
picture described of the cases of Group Ia. The 
effects of unilateral division of the spinal pathways 
subserving defaecation will be considered under 
motor aspects and sensory aspects. 

Twenty patients with a unilateral antero-lateral 
or lateral cordotomy were studied, and the cords of 
three of them have been examined histologically. 
Photographs from two (Cases 20 and 35) are shown 
in the histological section. 

After unilateral division of the pathways voluntary 
control of the anus is normal; the subject is 
normally continent of faeces, is able to hold them 
at the entrance of the anal canal, and can interrupt 
the act of defaecation. One patient out of the 20 
had slight urgency of defaecation. She described 
this as an anxiety lest she might have an accident 
when the bowels were at all loose, but as far as 
was ascertained, she was always continent. All 
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patients had normal voluntary power in the levatores 
ani and external sphincter. Thus these muscles 
must be bilaterally supplied from each side of the 
cord. 

Unilateral division of the pathways may cause 
dyschezic constipation. It was not present in 15 
of the patients ; in one, it was fairly severe ; and in 
the other four it was just as severe as that which 
occurs following division of the tracts on both 
sides of the cord, defaecation being impossible 
without an enema or manual removal. As voluntary 
control of the anus and perineal musculature was 
normal in these cases, and there was no disturbance 
before operation, it seems that it should be concluded 
that this disorder of defaecation results from a 
division of the pathways mediating the more 
automatic functioning of the rectum. It is surprising 
to find that division of these pathways on only 
one side of the cord should so completely upset 
the function of the rectum as a whole, and to find it 
occurring only in some cases, instead of in all, or in 
none. This derangement of automatic function might 
be due to interruption of afferent or efferent pathways. 
It would seem unlikely that it is due to interruption 
of afferent fibres on one side of the cord, for it 
would be imagined that the impulses from the 
rectum making use of one pathway in the cord 
would be sufficient to supply information to 
medullary or higher centres to enable them to 
function adequately. 

Following unilateral division of the tracts, 
the anal reflex is nearly always absent unilaterally 
on that side of the anus that is analgesic. In one 
case it was present. 

When the afferent pathway from the rectum is 
divided unilaterally, pain is not felt on the side 
opposite to the incision. This is shown by the 
following two cases. 


Mrs. S. (Case 25) had, due to a carcinoma of the 
cervix, a recto-vaginal fistula on the left side of the 
rectum. It caused most severe pain felt “‘ just inside 
the rectum on the left side ” ; it was worse on defaecation. 
Unilateral lateral cordotomy caused complete analgesia 
on the left below the ninth thoracic dermatome. There 
was complete relief of this pain, and defaecation occurred 
painlessly. Permission to carry out a necropsy was 
refused by this patient’s relatives, and so histological 
confirmation of the extent of the lesion and of 
degeneration of fibres could not be obtained. 

Mrs, Ald. (Case 36) had, due to carcinoma of the 
cervix, a pain in the rectum. It consisted of a shoot of 
painful pins and needles, and it was so severe that she 
could not prevent herself crying ; it was made worse by 
straining to defaecate or by passing motions. The rectum 
was found to be deformed and drawn over to the left ; 


it was surrounded by hard, craggy growth about 3 to 4 
inches above the anal canal; this had reduced the 
lumen so that it just admitted a finger. A cordotomy on 
the right side of the cord caused complete analgesia 
throughout the left side of the body below the tenth 
thoracic dermatome. All the pain was relieved, and 
instead of defaecating once a fortnight, she defaecated 
twice a day. Necropsy was also not obtained in this case. 


With regard to the impulses giving rise to the 
desire to defaecate, a pathway on one side of the 
cord is usually adequate ; after unilateral cordotomy 
the patient notices no loss or change in this sensa- 
tion. In the following two patients, however, this 
was not so. 


Mr. St. (Case 23) before the unilateral operation had a 
desire to defaecate when the pressure of the balloon 
reached 180 mm. Hg. After the operation he got the 
desire at the same pressure, but he noticed that he felt 
this sensation only on the side which was normally 
innervated. He was able to distinguish wind from 
faeces, and he felt and got discomfort from the fact that 
the rectum was constantly full of hard faeces. 

Mr. Pe. (Case 35) before the unilateral operation had a 
desire to defaecate when the pressure of the balloon 
reached 180 mm. Hg. Three weeks after the operation 
he had no desire at a pressure of 200 mm. He felt, 
however, a pricking and a throbbing on the normally 
innervated side of the rectum. 

This was confirmed on many later occasions. 


There can be no question of the character of this 
sensation having been suggested to these patients, 
for the information which they spontaneously 
supplied was a greater surprise to the examiner 
than it was to the patients. A surgical colleague, 
who four years previously had had a unilateral 
cordotomy, was so kind as to give us the notes 
he made on his state and to allow us to examine him. 
He found that for the first few weeks after operation 
“the sensation of rectal fullness was dulled but 
not absent”; it eventually became normal. 

One further disturbance of sensation sometimes 
occurs after the unilateral cordotomy, the sensation 
underlying the ability to distinguisk wind from 
faeces. In four of these 20 patients, information 
on this subject was not available ; of the other 16 
three had lost this ability. As this symptom is 
liable to disappear eventually, it may be that with 
the sensory apparatus available to them, some 
patients relearn this skill. It may be that other 
patients had also had this symptom originally, and 
as they had regained the skill early, they had 
forgotten about it. The loss of this ability caused 
many accidents, even though these patients had 
voluntary control of the external sphincter and 
levatores ani. 
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Anal sensation after unilateral division of tre 
relevant part of the spino-thalamic tract was as 
would have been expected : there was loss of pain 
and thermal sensation, with retention of the sensa- 
tions of touch and tension. 

It remains to consider the effect of unilateral 
spino-thalamic division on the sensation of the 
lower bowel above the rectum. Most patients 
having a unilateral lesion of the spino-thalamic 
tract have had no colic of the bowel following the 
operation ; they have never mentioned any pain 
due to visceral events. Two excellent witnesses, 
however, provided evidence on the conduction 
of the pain of colic. Our surgical colleague mentioned 
above was emphatic that when he had colic 
associated with wind he felt this pain only on the 
right, that is to say that he felt nothing of it on the 
side opposite the incision made into the cord. 
Similarly the other patient (Case 25) who had a 
left-side cordotomy told us that she always 
noticed that after she took an aperient, when she 
got griping pain, she felt it only on the left. 

One is thus led to believe that the visceral pain 
of colic from the lower bowel is due to impulses 
passing in both spino-thalamic tracts, and that 
section of one tract causes this visceral pain to 
be felt unilaterally. 


HISTOLOGICAL EVIDENCE 
Material and Methods of Investigation 


All 18 cases of bilateral and three cases of uni- 
lateral cordotomy were examined histologically. 


Fixation of the spinal cord was initiated as soon 
after death as possible. In the majority of cases the cord 
was fixed in situ, 20% formol saline being injected into 
the cisterna magna ; after a few hours the brain and the 
cord were removed and the necropsy was completed. 
Fixation of the brain and cord in 20% formol saline 
was continued for 10 to 18 days in the majority of cases, 
and up to four weeks in a few cases. The cord was then 
divided into anatomical segments and these were sub- 
divided into a number of thin slices. Most of the slices 
were embedded in celloidin, and a few were used for 
frozen sections. The techniques mainly used were the 
Swank-Davenport modification of the Marchi method, 
the Kulchitsky modification of the Weigert Pal method, 
and the Gros silver method. Sections were also stained 
with thionin, haematoxylin and eosin, haematoxylin and 
van Gieson’s stain, Mallory’s phosphotungstic acid haema- 
toxylin, Anderson’s Victoria blue, and by Holzer’s and 
Loyez’ stains. Sections were taken at several levels of 
each segment ; serial sections were cut throughout the 
area of operation and in any zone of special interest. 

The possible criticism that the appearances of the 
area destroyed may be very different according 
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to the various lengths of time between the making 
of the lesion and the patient’s death has been 
considered. In early cases the lesion may be some- 
what more extensive and less clearly delimited 
than in later cases; there are a few degenerating 
fibres scattered near the region, which, as far as can 
be assessed, have not been actually severed by the 
knife. These fibres run among normal fibres; 
they are far too few to have much functional 
significance. In these early cases in which survival 
was less than two months, the area of maximum, 
and presumably total, destruction can be determined 
by excluding the scattered fibres around the 
periphery of the degenerating area. In the later 
cases, it was thought at first that owing to the 
disappearance of degenerated myelin the area of 
destruction might appear unduly small, and that 
the appearance in a Marchi preparation would 
minimize the actual area of destruction. But compar- 
ison of the outlines of the degenerated area shown in 
Marchi, Weigert Pal, and Gros silver preparations, 
and sections stained by the other methods enu- 
merated above, showed such consistent limits in all 
cases that it was obvious that the Marchi method 
was reliable also in later cases. 
A further criticism could be that the tracts 
investigated might be composed entirely of small, 
thinly myelinated or unmyelinated fibres, and that 
such fibres would not be shown up by myelin stains. 
But the total area of destruction demonstrated in 
myelin preparations has been shown to have the 
same extent as that shown in preparations stained 
to demonstrate axis cylinders. It may be concluded 
that such small fibres, if they are relevant to the 
tracts under consideration, are intimately mingled 
with larger myelinated fibres, and so the picture of 
myelin degeneration due to staining of the large 
degenerating fibres covers the area of degeneration, 
whether the relevant fibres are large or small. 
By comparison of the areas of degeneration at 
equivalent levels in all cases in group Ia the smallest 
common area of degeneration was determined. 
At the level of operation, where destruction is 
maximal, this common area contains all the relevant 
tracts. Confirmation of the boundaries of this 
common area is provided by the evidence of the 
other cases ; they also permit one to make a tenta- 
tive subdivision of this area. At levels other than 
that of the operation, the same method was applied 
for the determination of the position of the long 
tracts. It is possible that some of the tracts are ‘in 
the form of intersegmental fibres ; these would not 
necessarily be degenerated at a distance from the 
lesion, and would therefore be seen only at the 
operation level and at short distances from it 
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Results 


Photographs from representative cases are shown 
in Figs. 1 to 17. Of the 14 cases of Group Ia, only 
two showed any significant degeneration in the 
posterior columns. It is then clear that the tracts 
must lie within that area of degeneration common 
to all the cases. That means that they run some- 
where in the lateral or antero-lateral columns, and 
not in the posterior columns or the grey matter. 


Operation Level.—The operation area is the most 
important region for showing the position of the 
tracts, because any rectal function which persisted 
or recovered must have been subserved by fibres 
lying outside this large area of destruction. 

The area of operation on the left side of the cord 
of Case 13 (Fig. 3) shows that the common area 
of degeneration cannot extend more posteriorly 
than the posterior boundary of this area. This is 
confirmed in Case 10 (Fig. 2), which actually 
suggests an even more anteriorly lying, posterior 
border to the common area but, owing to the 
involvement of peripheral nerves in this case, it 
cannot be accepted as incontrovertible evidence. 
Case 7 (Fig. 1) shows on the left side that the 
pathways do not lie in the anterior column, as this 
is entirely free from degeneration, and the area of 
operation on the right side of Case 6 ( Fig. 4) shows 
that the common area of degeneration cannot 


extend further anteriorly than in this case. The 
pathways must then lie somewhere in the area 
enclosed by these two boundaries. This area has 
the form of a narrow band extending from the 
periphery of the cord to approximately the lateral 


horn of the grey matter. A line joining this area 
on the one side of the cord to the same area on the 
other side passes through the central canal, dividing 
the cord antero-posteriorly (Fig. 18). 

Further evidence confirming the location of the 
common area of degeneration containing all the fibres 
comes from Case 21 of Group II. In this case there 
was Originally evidence of a partial lesion of the path- 
ways, and a considerable amount of recovery 
later ensued. This suggests that fibres in the region 
adjacent to the degenerated area were temporarily 
rendered non-functioning, but that they later 
recovered. Thus, at least on one side of the cord, 
no permanent involvement of the tracts occurred. 
From the photograph (Fig. 5) it can be seen that on 
the left, at least, the common area escaped permanent 
damage. 

In Cases 3 and 19, which form Group 1b, there 
was more recovery of voluntary control of the 
levatores ani muscles and the anal sphincter. 
The photographs of the operation area show a 
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clearly marked and extensive destruction of the 
outer zone of the common area, with sparing of the 
more medial fibres (Figs. 7 and 8). It may be that 
the recovery of some slight degree of control over 
the external sphincter and levatores ani is due to the 
survival of some fibres in the neighbourhood of the 
operation. 

In Case 22, no evidence on the function of 
defaecation could be obtained, as this patient had 
had a colostomy, but there was some relief of pain 
in the rectum and anus. The areas of operation are 
shown in Fig. 6. On the left side it is improbable 
that the common area of degeneration was damaged, 
but on the right side the outer zone of the 
common area was involved in the operation lesion. 


Afferent and Efferent Fibres.—The photographs 
of upper cervical segments (Fig. 11-13) show the 
distribution of the afferent degenerating fibres 
at some distance cranial to the lesion. The photo- 
graphs show a band of degeneration on the periphery 
of the cord, the most anterior part being common 
to all the cases. This common area extends approxi- 
mately from the antero-lateral fissure to just posterior 
to the dorso-lateral process of the anterior horn. 
This area is large, as it includes many ascending 
fibres of different systems. In the thoracic level 
it has been determined that the tracts lie approxi- 
mately opposite the central canal. As it is most 
probable that the tracts do not markedly change 
their position at different levels of the cord, it may 
then be deduced that the tracts lie approximately 
opposite the dorso-lateral process of the anterior 
horn at the cervical level. This zone is in the most 
posterior part of the common area of degeneration 
(Fig. 19). 

Photographs of the upper lumbar segments 
(Figs. 14 to 17) show the distribution of the efferent 
degenerating fibres at some distance caudal to the 
lesion. In Figs. 14, 15, and 16, slight degeneration 
can be seen in the anterior columns. This may 
be ignored, for it has been shown that throughout 
the thoracic region the tracts lie in the lateral 
columns, and it is this region of degeneration which 
continues down the cord into the lumbar segments. 
In addition, the anterior degeneration is not found 
in all the cases bilaterally ; there is, for example, 
no degeneration in the left anterior column of Fig. 
14. In all the cases there is a band-like area of 
degeneration on each side of the cord, which is 
shown most clearly in Fig. 16, although in this case 
the degeneration is more extensive than in most of the 
others. The appearance on the right side of Fig. 15 
probably indicates more accurately the zone of 
degeneration containing the long descending fibres. 
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Cc. 5 Fic. 7 (Case 19) C. 6 Th. 7 Fic. 8 (Case 3) Th. 6 


All photographs are of transverse sections of the spinal cord (x 7). In all figures, except Figs. 8 and 16, the photographs are of Marchi 
preparations, in which the degenerating fibres are stained black. Figs. 8 and 16 are from Weigert Pal preparations, in which the 
degenerating fibres are unstained. 

Figs. 1 to 10 show the maximum area destroyed by operation on one or on both sides ; Figs. 11, 12, and 13 show the ascending, 
and Figs. 14 to 17 show the descending, degeneration. 
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Fic. 10 (Case 20) C. 3 


12 (Case 1) C. 4 


Fic. 15 (Case 13) L. 3 Fic. 16 (Case 5) L 2 Fic. 17 (Case 35) L. 2-3 
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The area within which these fibres runs is in the 
form of a narrow band lying on a line passing 
through the central canal, bisecting the cord in an 
antero-posterior direction (Fig. 20). 

It is of interest to note that the operations 
performed fairly anteriorly in the cervical region, 
as in Cases 35 and 20 (Figs. 9 and 10) caused the 
same zone of degeneration in the lumbar region 
(Fig. 17). 

In view of the findings in Cases 3 and 19, in 
which clinically there was some recovery of voluntary 
control of the levatores ani and anal sphincter 
but no recovery of rectal sensation, and in which 
histologically there was a sparing of some medially 
lying fibres in the common area, it is tentatively 
suggested that the efferent fibres lie medial to the 
afferent. 

Conclusions 


In the thoracic region, the afferent pathway 
from the rectum, including the pathways conducting 
impulses subserving pain from the rectum and anus, 
the efferent pathway used in controlling defaecation, 
and the pathways concerned in coordinating the 
reflex function of defaecation, run within a narrow 
band extending from the periphery of the cord to 
approximately the lateral horn of the grey matter. 
A line joining this area on one side of the cord to the 
same area on the other side passes through the 
central canal. Evidence suggests that the lateral 
part of this band is mainly afferent, and the more 
medial part mainly efferent (Fig. 18). 





In the cervical region the afferent pathways lie 
near the surface of the cord, approximately opposite 
the dorso-lateral process of the anterior horn 
(Fig. 19). It is probable that the efferent fibres lie 
medial to the afferent in the same plane. 

In the lumbar region the efferent pathway lies 
somewhere in a narrow band on a line passing 
through the central canal, bisecting the cord in an 
antero-posterior direction (Fig. 20). 
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DISCUSSION 


The question whether the efferent tract mediating 
the voluntary control of defaecation forms a part 
of the classical cortico-spinal tract obviously needs 
to be answered. We have not yet been able to 
provide an answer. It is our intention to consider 
this question together with the similar question 
related to the voluntary control of micturition in a 
later communication. 

With regard to the disturbance of defaecation 
following the unilateral operation, it should perhaps 
have been expected that it would occur following 
division of the tracts subserving the automatic 
functioning and voluntary control of defaecation 
on one side of the cord. For, whether the 
descending tracts activate motor cells of one or 
both sides of the cord, and whether the efferent 
nerves supply one side or both sides of the viscus, 
the behaviour of the viscus is controlled by the 
impulses it receives from all its nerves ; being a 
tube, it behaves as a whole in response to the 
totality of impulses received. It might therefore 
be expected that when half of its normal supply 
of impulses is cut off, the rectum might not 
function normally. It is likely to be immaterial 
whether the quantity of these impulses to the 
whole of the tube has been diminished, or 
whether the impulses have been cut off totally from 
one side of the tube. 
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From the unilateral cases, it was learnt that the 
levatores ani and the external sphincter are bilat- 
erally supplied from each side of the cord. When 
one considers the great importance of the levator 
ani—in forming the inferior wall of the abdominal 
cavity, in keeping the bladder and uterus in position, 
and in aiding micturition and defaecation—one 
understands how useful this bilateral supply must be. 

The permanent absence of the anal reflex following 
lateral cordotomy may be associated with the 
depression or abolition of other superficial reflexes 
which usually follows this operation, for in the 
syndrome of total cord transection this reflex is 
among the first to return. 

The algesic pathway from the large bowel has 
been shown to lie in the lateral column of the 
cord. Thus in man this pathway runs within 
the region where it was found in the cat by Spiegel 
and Bernis (1925). Thus, combining this work 
with that reported previously, we have shown that 
the algesic pathway for the lower ends of the ureters, 
for the bladder, for the urethra, for the rectum and 
the large bowel, is in the lateral columns in the 
spino-thalamic tract. 

It can be concluded from the evidence provided 
by the two intelligent observers mentioned above 
that division of this pathway from the lower bowel 
results in the pain of colic being felt unilaterally. 
This is surprising, seeing that the gut is a midline 
structure. It is known, however, since the work of 
Bentley and Smithwick (1940) that the pain due to 
distending the jejunum in man is felt unilaterally 
after the peripheral pathway of one side has been 
divided. Although one might not have expected 
that the division of one spino-thalamic tract would 
have resulted in. visceral pain being felt unilaterally, 
this is nevertheless analogous to that which 
Woodworth and Sherrington (1904) found in the 
cat. From their observations on cats in which they 
had performed hemisections of the cord, they 
concluded that the pathway for the conduction of 
impulses subserving pain from the soma was both 
crossed and uncrossed, but mainly crossed, and 
they found that the pathway from the viscera had 
the same arrangement. In man, as the pathway 
for conduction of pain from the soma is entirely 
crossed, it would be analogous to find the pathway 
from the viscera to be entirely crossed also. 

In our previous paper (Nathan and Smith, 1950) 
on the afferent pathways from the bladder, five 
cases were reported in which the sensation 
underlying the desire to micturate was felt only on 
one side after unilateral division of the lateral 
column. In one case (Case 23) this was a permanent 
State, in the others it was transient. It will be noted 
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that the subject of Case 23 had also a unilateral 
sensation underlying the desire to defaecate. 
Another patient (Case 35) following the unilateral 
division of the lateral column had an abnormal 
sensation underlying the desire to defaecate, and this 
was felt only unilaterally, yet he experienced a 
normal sensation underlying the desire to micturate. 
In the case of our surgical colleague, Case 26, 
there was, as mentioned, a dulling of the sensation 
of rectal fullness, and definite loss of sensation on 
one side when the bladder was over-distended. 

It is perhaps possible that the afferent pathway 
from the rectum and the bladder passes up both 
sides of the cord, and that the extent to which 
this occurs varies not only from person to person, 
but also from viscus to viscus. In the unusual cases 
mentioned in this and our previous paper, it could 
be that the amount of bilateral conduction is 
minimal, and so division of one lateral column may 
in some cases result in division of the total afferent 
pathway from the opposite half of the viscus. 

From the fact that the patients who had a bilateral 
lesion of the spino-thalamic tract and who are left 
with anal but not rectal sensation are nearly always 
unable to distinguish wind from faeces, it may be 
concluded that the ability to distinguish these 
substances depends on rectal sensation. Indeed 
this is obvious, for the normal person does not 
usually allow these substances to penetrate the anal 
sphincter before he decides with which substance 
he has to deal. 


SOME CLINICAL APPLICATIONS 


The knowledge of the location within the human 
spinal cord of the tracts concerned with defaecation 
has implications for clinical medicine. Certain 
selected implications are considered here. 


Defaecation with Spinal Pathways 


Interrupted 


Although the rectum may be found by the 
examiner to be full of hard faeces, the patient 
may be unaware of this. The patient is likely to 
complain of severe constipation, and if he has an 
attack of diarrhoea, he will then report that he has 
no or very little control over the sphincter. He will 
know when faeces are passing and he knows when 
they are just about to pass, but he will be unable to 
distinguish wind from faeces. The examiner will 
find the sphincter closed, and its tone will be 
within the limits of the normal. The anal reflex will 
be absent. 

A bilateral cordotomy which renders the sacral 
segments of the body permanently analgesic 


Bilaterally 
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divides the tracts to and from the higher rectal 
centre. Thus a part of the price that the patient 
has to pay to get relief of pain in these segments 
is to be left with the kind of defaecation described 
above. 


A Unilateral Lesion of the Lateral Column 


From the foregoing, it will be gathered that a 
unilateral lesion of the lateral column may cause 
no symptoms of lower bowel dysfunction ; the 
only abnormal sign may be the absence of the anal 
reflex on the side opposite to the lesion. This 
sign of a lesion of the lateral column, however, 
is of little value, for, on the one hand this reflex may 
be absent bilaterally without pathological signifi- 
cance, and on the other hand its pathological 
absence is associated with marked diminution or 
absence of the sensation of pain in the lowest 
sacral segments, a more obvious sign of equal 
localizing value. 

When a patient complains of severe constipation of 
the dyschezic type, and/or an inability to distinguish 
wind from faeces, and/or some urgency of defaeca- 
tion when he has diarrhoea, one requires the answer 
to the question whether (assuming that the lesion 
is in the spinal cord) the lesion is bilateral or 
unilateral. The answer is that the lesion is likely to 
be bilateral, but that it may well be unilateral. 
If the patient has good voluntary power in the 
external sphincter and levatores ani, the lesion is 
unilateral; if he cannot contract these muscles 
without adducting his thighs and straining, it is 
bilateral. 

SUMMARY 


The location within the human spinal cord of the 
tracts subserving defaecation is determined. 

The tracts run within a narrow band extending 
from the periphery of the cord to approximately the 
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lateral horn of the grey matter. The evidence 


suggests that the lateral part of this band is mainly 
afferent, and the more medial part is mainly efferent. 
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Patients 6, 11, 13, 19, 24, 25, 27, 31, 32, 33, 34, and 
36 were in the National Hospital ; their case numbers 
were respectively 18299, 23011, 16162, 12166, 30790, 
26668, 16148, 28848, 29786, 30036, 32673, and 31747. 
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SUBSTANCES WH'CH SUPPORT RESPIRATION AND METABOLIC 
RESPONSE ‘1:0 ELECTRICAL IMPULSES IN HUMAN 
CEREBRAL TISSUES 


BY 
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From the Biochemical Laboratories, Institute of Psychiatry (British Postgraduate Medical Federation, 
University of London), Maudsley Hospital 


Suggestions have frequently been made that 
changes in cerebral activity of endogenous origin are 
reflected or induced by changes in the utilization of 
substrates by the brain. Substances which may act 
as substrates have been administered with thera- 
peutic intent, for when changes in the utilization of 
substrate are caused experimentally, as in hypoxia, 
hypoglycaemia, and with some added drugs, large 
changes in cerebral functioning can ensue. 

The main energy-yielding substrates for the human 
brain under normal circumstances have been found 
by studies of arterial-venous difference to be glucose 
and oxygen. Their interaction involves many inter- 
mediates which may themselves act as energy- 
yielding substrates, and under unusual conditions 
still further substances may act as major substrates 
for the cerebral tissues of experimental animals. 
In man, knowledge of which additional substrates 
will support cerebral activities is, however, limited, 
and results mainly from the administration of 
materials to subjects in hypoglycaemic coma. 
Some findings are discussed at the end of this paper. 
In experimental animals secondary changes inherent 
in such methods have been minimized by using 
hepatectomized or eviscerated subjects, or by per- 
fusion techniques, but this could be done only 
exceptionally in man and does not yet appear to 
have been carried out. 

By radically different techniques, biopsy material 
from cerebral surgery can afford excellent oppor- 
tunities for examining the abilities of various sub- 
stances to support cerebral activities. Such material 
is the basis of the present studies. These depend 
on previous findings (MclIlwain, 195la, b, c) that 
electrical impulses of types which excite motor or 
other responses when suitably applied to the brain 
in situ can be caused to induce metabolic changes in 
separated cerebral tissues in vitro. The requirements 


for such metabolic responses are remarkably close 
to those which modify electrical responses in the 
central nervous system in vivo. However, only 
certain substrates maintain tissues from laboratory 
animals in a condition permitting response to 
applied impulses (MclIlwain, 195Iic; Kratzing, 
1953). A number of potential substrates have now 
been examined in this respect with human tissues. 


EXPERIMENTAL 
Tissues 

Human tissues were available to us through the 
collaboration of Mr. Murray A. Falconer, Director of 
the Guy’s-Maudsley Neurosurgical Unit. Advantage 
was taken of neurosurgical operations for leucotomy, 
lobectomy, and cerebral tumours to obtain specimens of 
macroscopically normal brain tissue. These specimens 
were removed from subjects under general anaesthesia, 
care being taken that their blood supply was not inter- 
rupted until the last possible moment (usually less than 
30 seconds) before excision. The specimens were then 
placed in small, dry, glass or polythene containers. These 
were surrounded by crushed ice in a vacuum can and 
brought promptly to the laboratory. Here, arrangements 
for the metabolic experiment had already been made. 
The time between removal of the tissue, its preparation, 
and restoring to good metabolic conditions in experi- 
mental vessels, was between 25 and 90 minutes. During 
most of this time (noted in the individual experiments) 
the specimen was at 0°. 

Cerebral specimens from rhesus monkeys were ob- 
tained under much the same conditions as those from 
neurosurgical operations. They were from animals in 
which small cerebral lesions had been induced for other 
purposes. The present specimens were remote from the 
site of such lesions. The cerebral cortex was again 
exposed while the animals were anaesthetized and the 
specimens removed and cooled promptly. 

Except for the experiments of Table VI, guinea-pigs 
(adult) were killed by a blow on the back of the neck, the 
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skull opened and the brain removed, and prepared 
without cooling to 0°. Guinea-pigs were anaesthetized 
(only when noted) by breathing ether through a mask, 
adjusted manually to maintain somnolence and absence 
of response to touching the eye and to pressure on the 
paw. 


Preparation of Tissues.—Human specimens which 
presented an area of cortex much larger than 3 sq. cm. 
were cut into two. Specimens or sections of specimens 
were freed from membranes and large blood vessels. 
Such sections or a whole guinea-pig hemisphere, while 
moist with the experimental saline, were cut at their 
cortical surfaces into slices of 0-3 to 0-4 mm. in thickness 
with razor blading and a recessed glass slide as guide. 
Slices were trimmed to a suitable size, adherent saline 
removed by draining on a glass surface, and the slices 
weighed. They were either (a) fitted to grid electrodes or 
(b) cut to about 20 fragments when ring electrode 
vessels were used. This fashion of handling the tissue 
yields weights (“‘ wet weights”) which have been in- 
creased about 30% over those of the fresh tissues by 
adhering or absorbed saline. (Mean water content of 
tissue as received, 82:1% ; after preparation, 86-7°..) 
No allowance has been made for this in the tables or 
results section of this paper, but values corrected for 
such saline are quoted in the discussion. 


Salines 


Phosphate-glucose saline contained 134 mMm-NaCl ; 
5-4 mm-KCl1 ; 1:34 mm-KH,PO,, MgSO,, and CaCl, ; 
13 mm-glucose ; 10-4 mm-Na,HPO, brought to pH 7-4 
by HC1 ; it was saturated with 0,. Bicarbonate saline 
contained 124 mm-NaCl ; 5 mm-KCl1, 1:24 mm-KH,PO,, 
MgSO, and CaCl,; 12 m*m-glucose and 26:1 
mM-NaHCO,, and was equilibrated with 5° CO, in 02. 

When several substrates were being examined in the 
same experiment, tissues were cut and handled in salines 
without added substrate; the substrates were placed 
in the main compartment of the individual vessels 
employed. 


Apparatus 


Orthodox manometric apparatus was used with the 
following additions. Grid electrodes were those of 
Ayres and Mcllwain (1953) and fitted to vessels A 
(MclIlwain, 1951a). Ring electrode vessels were vessels 
E (Mcllwain, 1951b). Electrical impulses consisted of 
condenser discharges from the apparatus of Ayres and 
MclIlwain (1953), giving 100 pulses/sec. at voltage and 
duration (time-constant) measured during the experiment 
and noted in the tables below. 


Determinations 


Oxygen pressure was determined manometrically each 
5 minutes. At the end of the manometric measurements 
the set of vessels was maintained shaking in the thermo- 
stat, one after another removed, and a measured portion 
(usually 0-5 ml.) of the salines in which the tissue had 
been respiring was taken and treated with the copper-lime 
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reagents for the determination of lactic acid according to 
Barker and Summerson (1941). 


RESULTS 


Unstimulated Respiration with Adequate Glucose ; 
Nature of Specimens 


Details are given in Table I of all specimens 
examined. They derive from 13 operations carried 
out over a period of 18 months. Some of the 
operations yielded specimens large enough to be 
divided into two, which are given separate numbers, 
They derive from two main cortical areas, frontal 
(8) and temporal (5). 


TABLE I 
ORIGIN OF TISSUES 





7" ae : . ‘Sa : 
— |Patient| Sex | Age) Diagnosis a. a 


| 
| — 
| 


| 43 | Temporal 
| 62 | 





Psychomotor epilepsy 


} 
| 
| 


Depression Frontal 


| 62 | Depression Frontal, adjacent 
to 2 
Temporal, in 
sulcus 
Temporal, outer 
cortex 


| Frontal 


| 38 Cerebral tumour 


© O's a PR 


| 38 | Cerebral tumour 
| 37 | Depression 
37 | Obsession 
37 | Obsession 


Frontal 


Frontal, adjacent 
to 
| 35 | Obsession Frontal 


| 37 | Paranoid schizophrenia | Frontai 

Frontal, 
to 10 

| Frontal 


37 | Paranoid schizophrenia | adjacent 


| 56 | Recurrent depression 


Frontal, adjacent 
to 12 


Frontal 


56 | Recurrent depression 
| 45 | Agitated depression 


| Frontal, 


| Agitated depression 
to 14 


adjacent 


See es Se ee foe en! ee ee 


ee ee eh ep ee Se ee Se ee nm mzez zz 7) 


Psychomotor epilepsy 


Psychomotor epilepsy 


| Depression 


Depression 


| Psychomotor epilepsy 


| Psychomotor epilepsy 


| Psychomotor epilepsy 


| Temporal 


| Temporal, adija- 


cent to 16 


| Frontal 


Frontal, adjacent 
to 18 


Temporal 


Temporal, adja- 


cent to 20 
Temporal 





Initial Respiratory Rates 


Part of the material from every operation from 
which specimens were available to us was examined 
under a uniform set of conditions ; other parts were 
examined in a variety of ways discussed below. The 
uniform conditions consisted of the measurement of 
the respiratory rate of two samples of the specimen in 
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the phosphate-buffered saline with 10 mm glucose as 
substrate. Six readings of oxygen pressure at five- 
minute intervals were made for this purpose. There- 
after one of the specimens was allowed to respire 
without further change for about 90 minutes longer, 
during part of which time electrical impulses were 
applied to the other. Lactic acid was then determined 
in each. 

The initial respiratory rates are given in Table II, 
and to aid their interpretation corresponding values 
are quoted for guinea-pig cerebral cortex. These 
employed the same apparatus and batches of 
reagents and were carried out by the same observers 
at times in between the experiments with human 
tissues. They permit the following conclusions. 


TABLE II 


VARIATION IN RESPIRATORY RATES AMONG ADJACENT 
SAMPLES AND AMONG DIFFERENT EXPERIMENTS WITH 
HUMAN AND GUINEA-PIG CEREBRAL CORTEX* 





Man Guinea-pig 
| No. of | 
Observa-|Mean| S.D. 
tions | 
A Respiratory ratet 36 
(umoles 0, g,/hr.) 





No. of 
Observa- Mean S.D. 
tions 


40-8 | 8-9 24 





629 5-6 


B. Difference between 18 
the two members of 
pairs of observations 
on adjacent samples 
(umoles 0,/g./hr.) 


2:47, 3-07 12 317: | 3-3 


Mean differences B 
as °% of mean 
rate A 














*With human tissues, the rates quoted are from all but one of the 
specimens available ; one of a pair of determinations was spoiled. 
The 12 specimens yielded 18 pairs of values as six of the specimens 
were large enough to subdivide. With both human and guinea-pig 
tissues each pair of values which is compared derives from one 
experiment in which some four to eight samples of the tissue were 
handled at the same time and with most of the reagents in common. 
The differences from one pair to another are in the piece of tissue 
used for the samples, and in the batches of reagents. 


+ Specimens from frontal area: mean, 42°6 and S.D. 8-7; from 
temporal area, mean 39-2 and S.D. 9-4. 


(1) The mean respiratory rate of human cerebral 
cortex under the present conditions was 41 umoles 
0,/g./hr. or about two-thirds those of guinea-pig. 
(2) The pieces of human tissue used in any one 
experiment were as uniform in respiratory rate as 
those from guinea-pig. The average area of cortex 
examined was about 2 xX 1-5 cm., and usually 
from this two to four successive slices of 0-35 mm. 
were cut. A piece much larger than this was divided 
into two and two experiments were run simul- 
taneously with the different portions. Thus the 
pieces of tissue whose rates are compared in any one 
experiment had initially in vivo been in positions 
D 
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close to each other, usually adjoining. In about 
half the instances they came from different depths 
in the cortex. In this sense the pairs of determina- 
tions both with guinea-pig and human tissues were 
not duplicates. No attempt was made to subdivide 
the tissue so that each sample might be representa- 
tive of the whole specimen as considerable sub- 
division was not desirable and greater value was 
attributed to the possibility of showing differences 
between different parts of the same human specimen. 
Such differences were not usually found. This can 
be seen by the magnitude of the differences between 
samples from the same specimen (Table II). With 
human material this averaged 6% of the mean 
respiratory rate, which was similar to the value of 
5% with guinea-pig tissue. (3) The different pieces of 
human tissue obtained at different operations, how- 
ever, varied among themselves in respiratory rate 
much more than did tissues obtained from different 
guinea-pigs. This conclusion is derived from Table II 
which shows the large scatter with human tissues ; the 
extreme values were 54% and 140% of the mean. 
This is affected by factors which include the 
following :—(a) Variations from one experiment to 
another, assuming the tissue to be uniform: there 
appears to be no fully valid reason for this being 
greater with human than with guinea-pig tissue. 
(b) Differences in the handling of the specimens from 
the time of their removal to the beginning of 
measurements: the fashion of removing human 
tissues was different from that of removing guinea-pig 
brain. It might be said to be more satisfactory meta- 
bolically in that the subject was anaesthetized and 
blood circulation was maintained until within a 
minute before their removal, or less satisfactory in 
that material was kept, cool, for longer times between 
removal and the experiment. Some study has been 
made of these factors (McIlwain, Ayres, and Forda, 
1952; and below) and they appear minor in com- 
parison with the treatment of the tissue in cutting, 
weighing, and transference to the experimental 
salines. They, however, remain not fully studied 
experimentally. (c) Inherent differences in respiratory 
rate between the different specimens : variation here 
includes the two major possibilities of different 
respiratory activity in different normal cortical areas 
and of differences induced by pathological processes. 
Considering the first possibility, a clear answer can 
be given in terms of gross cortical anatomy. The 
specimens derived in about equal numbers from 
frontal and temporal areas, and no significant 
difference was shown between these two groups. 
Other differences in location of the tissue have not 
been noted systematically, but in two instances 
cortex from a given operation but cut from a 
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surface facing into a sulcus respired at a higher rate 
than samples from the same block but facing 
outwards towards the dura. The nature of the 
specimens precludes a clear conclusion as to whether 
this is typical of human cerebral tissues or whether 
it and the respiratory variations as a whole are 
pathologically conditioned. 


Maintenance of Respiratory Rate 


Respiration of specimens of human tissues after the 
first 30 minutes, quoted in Tabie IV, is seen to remain 
stable for at least a further 90 minutes. Values for 19 
tissues showed a mean decrease of 2 umoles/g./hr. in 
the fourth 30-minute period in comparison with the 
first. It is clear from this that the differences between 
different specimens, discussed above, were persistent 
ones and not characteristic only of the initial period 
of the experiments. In the 19 vessels to which 
impulses (see below) had been applied to adjacent 
pieces of tissue during the second and third periods, 
the mean final rate was 2:5 umoles/g./hr. (S.D. 4-9) 
higher than the mean initial rate. The maintenance 
of metabolic rate with glucose as substrate is con- 
trasted below with the behaviour towards some 
other substrates. 

The respiratory rate was also examined in two of 
the specimens after portions had been kept in their 
container at 0° overnight. Specimen 10 after 
keeping for 18 hours had an initial rate 66% of the 
adjacent specimen examined promptly, and the 
rate was maintained during the subsequent 90 
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gave a corresponding value of 79%, again miin- 
tained. 


Unstimulated Glycolysis with Adequate Glucose 


With the limited material available, experi- 
ments were not planned to yield rates of glycolysis 
continuously during the experiments. Instead, the 
lactic acid which accumulated in the vessels with 
glucose as substrate, was in almost ail cases deter- 
mined at the end of the experiment. 

The 12 experiments then yielded a mean accumu- 
lation of lactic acid of 48 umoles/g./experiment.- 
The experiments were of 130 to 140 minutes’ dura- 
tion, except three experiments which differed from 
this by five minutes, and one which was of 190 
minutes. This, expressed as a rate of accumulation 
(for observations on the validity of this see McIlwain, 
Anguiano, and Cheshire, 1951), is 21-3 umoles/g. /hr. 
(Table III). It is thus close to the value found for 
guinea-pig tissues. It corresponds to a rate of 
glucose utilization of 11 wmoles/g./hr., while the 
concomitant rate of respiration of human tissues 
accounts for about 7 umoles glucose/g./hr. Indi- 
vidual values often differed considerably from the 
mean: their standard deviation was 19-1 umoles/ 
g./exp. or 9-5 uwmoles/g./hr. Aerobic glycolysis is 
well known to be a labile property of cerebral 
tissues. Values obtained in these laboratories for 
the same property measured in guinea-pig cerebral 
cortex show (Table III) a greater uniformity with 
any one mode of preparation than did human 


minutes. Specimen 18 after keeping for 19 hours _ tissues, but considerable differences when the manner 


TABLE III 


RESPIRATION, GLYCOLYSIS, AND RESPIRATORY AND GLYCOLYTIC RESPONSES TO APPLIED IMPULSES WITH GLUCOSE 
AS SUBSTRATE* 





Mean Respiratory Rate Mean Accumulation of Lactic Acid 





Tissue and Experimental Pe 


Conditions (a) Unstimulated 


(umoles/g./hr.) 


(6) At 10 V. 
(% of a) 


(c) At 18 V. 
(% of a) 


(d) Unstimulated 
(umoles/g./hr.) 


(e) Increase with | (f) Stimulated 
Applied Impulses | Rate 
(umoles/g./hr.) | (% of d) 





Human, sliced, in grid elec- |) 
trodes ) 40-2 | 
- (40; +8-9) 


Human, sliced, in concentric | 
electrodes 


140 
(S$; + 11-9) 


156 
(10; + 31) 


Guinea-pig, sliced, in con- 


60-8 157 
centric electrodes (18 ; + 6-0) (@ ; + 15) 


Guinea-pig, chopped, in con- 


59-7 133 
centric electrodes (18 ; 5-5) (8; 14) 











144 
+ 11-3) 


197 
(8 ; + 26) 


193 
(7; + 25) 


(8 ; 


192 
(7; 22) 


| 
| 
i 
| 
| 
| 
| 
i 


22 


(@;+ 7-3) 


21 
(4; + 12-4) 


21 
7 3+3 


35 


(73+ 5-6) 





18 186 
(10; + 10-3) (10; + 54) 
15-6 
G3 + 101) 


39 
(9 ; + 12-3) 





37 203 
(9; + 17-8) (9 ; 43) 





*The number of specimens and standard deviation are given in brackets below each meen value. Data with some individual specimens are 
given in Table IV. About 70 mg. moist weight of tissue was used in each experiment in 3-5 ml. saline. 
first 30 minutes’ metabolism and (b) and (c) from subsequent periods during which some of the vessels were subjected to condenser pulses of 
time-constant 0-3-0-4 msec. at the peak potentials quoted. A further period without applied impulses usually followed. Lactate accumulating 
was determined at the end of the experiments ; the quantity found in vessels without applied impulses, divided by the time of the experiment, 
have the values of column (d). The difference between pairs of vessels, with and without pulses, and divided by the time during which pulses 


were applied, gave values of column (c). 


in lactate is not maximal but is the result of maximal and submaximal stimulation. 


Values in column (a) are from the 


Impulses were usually applied for 30 minutes at 10 V. then 30 minutes at 18 V., so that the increase 
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of preparing the tissues was changed. The variation 
in glycolysis of human tissues is too great to be the 
subject of the type of consideration given to varia- 
tion in normal respiratory rate. 


Electrical Impulses on Metabolism with 
Adequate Glucose 


Previous experiments (MclIlwain and others, 
1952) have shown that suitable electrical impulses 
can greatly increase both respiration and aerobic 
glycolysis in human cerebral tissues, as is the case 
with cerebral tissues from all other species examined. 
Such an increase was also invariably obtained with 
the present specimens. Summarized data are given 
in Table IIIf and individual examples in Table IV. 
Results in Table III fall into two groups according 
to the electrode arrangements employed. Grid 
electrodes are seen to give a smaller but more 
consistent response than the concentric electrodes ; 
the performance and advantages of the two types 
are discussed elsewhere (Ayres and Mcllwain, 1953). 
The mean response in concentric electrodes, as a 
percentage of the initial rate, was closely similar in 
human and in guinea-pig tissues. One importance 
of these results lies in their acting as positive controls 
to other vessels in the same experiment which 
contained other samples of the same tissue provided 
with other substrates or other quantities of glucose. 
For this reason, individual values for respiration and 
respiratory response are quoted in Table IV. 


Metabolism with Various Substrates 


These investigations have been carried out with a 
background of knowledge of how tissues from 
experimental animals react in the presence of the 
various substrates now examined in human tissues 
(McIlwain, 195lc ; Kratzing, 1953 ; see Himwich, 
1951). Experiments in these laboratories with 
animal tissues were interpolated between those 
with human tissues and employed the same reagents 
and apparatus. When, therefore, a substrate 
behaved in much the same way with human tissues 
as it did with those from laboratory animals, it was 
not studied with human tissues in great detail. 
The limited amount of human tissue was used in 
preference for more detailed study of situations in 
which human tissue appeared to be exceptional. 

Results with substrates which behaved with 
human as with animal tissues are given in Table IV. 
The ability of each substance to support normal 
metabolism and metabolism with applied impulses 
has been examined and compared with the per- 
formance of pieces of the same tissue specimen, 
with glucose as substrate. 

In the absence of substrate, initial rates were 
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TABLE IV 


RESPIRATION OF HUMAN CEREBRAL CORTEX WITH 
VARIOUS SUBSTRATES IN PRESENCE AND ABSENCE OF 
APPLIED IMPULSES* 





Respiration during Successive 
30-min. Periods 
(umoles 0,/g./hr.) 

Ist 2nd 3rd 4th 


None 34 32 24 22 


Specimen 


Substrate 
(see 
(mm) Table 1) 








Lactate, 54 59 59 59 
Lactate, 52 69 79 52 
Lactate, 48 48 46 50 
Lactate, 38 44 54 41 





Glucose, 10 44 54 66 46 
Pyruvate, 33 48 54 48 | 49 
Pyruvate, 33 43 71 83 47 
Pyruvate, 45 53 46 47 





Pyruvate, 44 55 60 52 
Glucose, 45 48 47 49 
Glucose, | 42 56 61 | 4§ 
Succinate, 30 42 44 42 42 
Succinate, 30 43 41 46 «| «44 
Fumarate, 20 45 36 2? | (UO 
Fumarate, 20 45 39 39 29 
Glucose, 10 46 66 63 | 45 
Fumarate, 20 55 45 39 | 36 
Fumarate, 20 48 54 40 33 
Glucose, 5-7 54 54 54 54 
Glucose, 5-7 51 81 81 54 
Citrate, 30 34 25 20 
Citrate, 30 31 35 20 
Glucose, 10 45 47 44 





Citrate, 19 51 36 24 
Citrate, 20 72 66 | 42 
| 
Citrate, 20 60 54 2 

















*Values in italics give rates during periods when impulses of peak 
potential 10 V. were applied to the specimens ; in beld type, when 
peak potential was 18 V ; time-constant, 0-4 m.sec. 


Results with glucose as substrate are given with material from each 
operation and included for comparison with the response to the other 
substrates. For graphs of the course of experiments similar to these, 
see MclIlwain and others (1952). 


lower than with glucose, and were poorly maintained 
whether or not impulses were applied (Mcllwain, 
1953 ; an example is given in Table IV). 


Lactate.—Lactate at 30 mM, in two specimens 
maintained well a rate of respiration as high as 
did glucose. Moreover, it enabled the tissues to 
respond fully to applied impulses. 
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Pyruvate.—Pyruvate at 10 or 33 mm _ both 
maintained a normal respiratory rate, and permitted 
response to impulses as did glucose. 


Succinate.—Succinate at 30 mM _ maintained 
respiration without permitting response to impulses. 


Fumarate.—Fumarate at 20 mm did not maintain 
a normal rate of respiration. The rate fell with time 
much as occurred in the absence of any substrate. 
The fall was possibly delayed by applied impulses 
but these had little if any stimulating effect in tissue 
which responded well with glucose as substrate.. 


Citrate.—Citrate supported respiratory rates which 
were initially a little more or less than those with 
glucose, but these invariably fell during subsequent 
experimental periods. Impulses might a little delay 
or accelerate the fall, but when impulses were stopped 
the final rates were always lower than those of 
otherwise similar tissues which had not been ex- 
posed to impulses. 


Glutamic Acid as Substrate 


L-Glutamic acid maintained well the respiratory 
rate of human cerebral tissues and supported their 
respiratory response to applied impulses (Table V). 
It does not have these effects in tissues from experi- 
mental animals (MclIlwain, 1951c). Glutamic acid 
has recently attracted much attention in relation to 
cerebral functioning. Its behaviour as substrate has 
accordingly been examined in the following ways. 

(1) Four specimens of human cerebral tissues were 
examined and found to behave in the same way 
towards glutamates. The specimens included ones 
which were low, moderate, and high in their initial 
respiratory rates with either glucose or glutamate. 
Glutamate is not, therefore, acting only by making 
good some defect in tissues of unusual respiratory 
rate. (2) Respiration and respiratory response to 
impulses were maintained in human tissues supplied 
with a mixture of glucose and glutamate (Table IV). 
This, also, does not occur in tissues from the 
guinea-pig or rat. (3) Experiments such as those 
already reported with glutamic acid and tissues of 
guinea-pig (MclIlwain, 1951c) were repeated con- 
currently with the present studies, using the same 
reagents and vessels. These included two samples of 
glutamic acid of different origin. Absence of response 
to glutamic acid was confirmed. (4) The treatment 
to which the human tissues had been subjected 
before the metabolic experiment was imitated with 
tissues from guinea-pigs and rats (Table VI). In one 
case the tissue, removed as usual from the experi- 
mental animal, was placed in one of the polythene 
containers employed with neurosurgical material 
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TABLE V 
RESPIRATORY RESPONSE IN HUMAN TISSUES WITH 
GLUTAMATE AND GLUCOSE AS SUBSTRATES* 





Respiration in Successive 
Periods 
Tissue (umoles 0,/g./hr.) 
Speci- | 
men Ist | 4th 
(no 2nd 3rd | (no 
impulses) impulses) 


Substrate 
(mM) 








Glucose, 10 .. ee 29 29 29 29 
Glucose, 10 .. = 26 38. | 55 33 
Na-L glutamate, 15 .. | 44 40 40 
Na-L glutamate, 15 .. | | 39 51 | 54 











Glucose, 15 .. 4 35 64 | 66 





Na-L glutamate, 15 .. | | 49 49 | 50 
Na-L glutamate, 30 .. | | 49 49 | 58 
Na-L glutamate, 30 .. | $0 49 | 49 


Glucose, 15 .. Ks | 48 48 





Glucose, 15 .. joa D- 


Glucose, 15 + Na-L | | 50 
glutamate, 30 
Na-L | | 49 


Glucose, 15 + 
glutamate, 30 } 
Na-L glutamate, 30 .. 55 


Na-L glutamate, 30 . 


Glucose, 15 
Glucose, 15 
Na-L glutamate, 30 .. | 
Na-L glutamate, 30 .. | 


glucose, 15 
Na-L glutamate, 30 + | 
glucose, 15 


Na-L glutamate, 30 + | | 60 
60 





*Conditions and notation as in Table IV. 


and kept at 0° for one hour before slicing for meta- 
bolism. This caused no change. In other experi- 
ments a guinea-pig and a rat were maintained under 
ether anaesthesia for 30 to 40 minutes before tissue 
was taken; the tissue was then kept at 0° before 
preparation. The weight of tissue placed in the 
container used for this purpose was approximately 
the same as many of the neurosurgical specimens ; 
this might have been important as volatile anaes- 
thetic was smelt in each case on opening the 
container. Tissue from laboratory animals still 
gave no respiratory response with glutamic acid as 
substrate. 


Cerebral Cortex from Rhesus Monkey 


Two specimens were examined as described in 
Table VII. Each showed respiratory rates and 
respiratory and glycolytic responses of magnitudes 
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TABLE VI 


RESPONSE TO IMPULSES WITH GLUTAMIC ACID AS 

SUBSTRATE IN TISSUES FROM LABORATORY ANIMALS 

TREATED TO SIMULATE CONDITIONS ASSOCIATED WITH 
NEUROSURGICAL SPECIMENS* 





Respiration in 
Successive Periods 
(umoles 0,/g./hr.) 


Ist | 2nd | 3rd | 4th 


Glucose, 15 69 73 66 68 


Substrate 


Material (mm) 











Guinea-pig, cerebral 
hemisphere kept at 
0° 1 hr. before cut- 
ting 





Glucose, 15 | 65 |121 |122 | 70 
| Glutamic acid, 30 | 90 | 74 | 58 | 53 


Guinea-pig under ether | Glucose, 15 | 63 | 66 | 63 | 60 
for 40 min. before | 
death; hemisphere | Glucose, 15 | $9 115 63 
kept at 0° 105 min. 
before cutting 








Glutamic acid, 30 | &7 76 58 42 


| Glutamic acid, | 84 | 71 | Si | 39 
| 30+ glucose, 15 | 
Glutamic acid, | 83 84 47 
30+ glucose, 15 | 








Rat under ether for | $5 70 
30 min. before death; | 
hemisphere kept at | Glucose, 15 | 64 |104 
0° for 90 min. before | 
cutting Glutamate, 30 71 65 

| Glucose, 15 + | 75 | 71 

| glutamate, 30 | 

| Glucose, 15 + | 70 | 75 
glutamate, 30 | 


Glucose, 15 


| 
| 
| 
} 














*Conditions and notation as in Table IV. 


TABLE VII 


RESPIRATION OF CEREBRAL TISSUES OF 
MONKEY ON APPLYING IMPULSES WITH 
SUBSTRATES* 


RHESUS 
VARIOUS 





Lactic 
Acid 
(umoles/g. 
/whole 
experi- 
ment) 


Respiration 
in Successive 
Periods 


Material (umoles 0,/g./hr.) 


Substrate 
“Tet [2nd 3rd [th | 
| Glucose, 0-015 “61163|63|60| 55 
Glucose, 0-015 59 | 81 | 83 | 61 98 

Lactate, 0-03 63 | 60 | 60 | 58 — 

Lactate, 0-03 69 | 75 | 78 | 55 
Lactate, 0-03 63 | 84 | 79 | 57 
Succinate, 0-03 59 | 50 40 


Succinate, 0-03 60 | 58 45 





Anaesthetized 

with. ether ; 
right occi- 
pital cortex 





Glucose, 0-015 57 | 57 57 
Glucose, 0-015 63 | 93 62 
Glutamate, 0-03 57 | 56 52 
Glutamate, 0-03 57 | 57 54 


Glutamate, 0-03+ | 57 | 66 55 
glucose, 0-15 


Nembutal 
anaesthesia ; 
frontal 
region 























*Conditions and notation as in Table IV. 
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close to those found with tissues from other species. 
The rates of glycolyis of the second specimen were 
higher than usual, but glycolysis is a relatively labile 
property of cerebral tissues. Respiratory rates with 
lactate and succinate were similar to those described 
above with human tissues, and elsewhere with other 
species. Again, lactate but not succinate supported 
respiratory response. Results with glutamate and 
glucose were therefore of especial interest. In the 
instance examined, glutamate maintained respi- 
ratory rate for longer than it did with lower animals. 
No respiratory response to impulses was observed. 
A small response was, however, found with glucose 
and. glutamate together as substrates. The tissue 
thus behaved towards glutamate in a way inter- 
mediate to those from man and from lower animals. 


DISCUSSION 


Metabolism without Applied Impulses 


Study of electrically stimulated metabolism of 
cerebral tissues was the main object of the present 
work, but this was necessarily carried out in com- 
parison with study of metabolism in the absence of 
applied impulses. Respiration of unstimulated 
human cerebral tissues with glucose as substrate has 
been measured by other workers with results 
similar to those of Table IV. Direct comparison 
cannot always be made as ratios for the fresh 
weight, wet weight, and dry weight of the tissues 
employed are not always available. Supposing 
those of page 257 to be generally applicable, the 
present value of 55 umoles 0,/g. fresh wt./hr. for 
respiration with glucose as substrate may be com- 
pared with those of 53 umoles 0,/g. fresh wt./hr. 
and 63 umoles 0,/g. fresh wt./hr. of Elliott and 
Penfield (1948) and Elliott and Sutherland (1952). 
Media lacking calcium salts give higher rates 
(McIliwain, 1952): 87 umoles 0,/g. fresh wt./hr. 
(Utena and Ezoe, 1952) and 89 (Elliott and Penfield, 
1948). 

The spread of values in the present study (S.D. 
10-6) moreover is similar to that found by Elliott 
and Penfield (1948). In trying to assess whether such 
variability is inherent in normal cerebral cortex or 
peculiar to the tissues examined, it must be recalled 
that in each of these studies the tissues examined 
were removed for therapeutic purposes. Compar- 
able respiratory data for localized cortical areas in a 
brain with convolutions or otherwise comparable 
to that of man do not appear to be available. Jn 
vivo a fall of 20 to 30% in human cerebral respiratory 
rate is associated with considerable functional 
changes. This is true of insulin hypoglycaemia 
(Kety, Woodford, Harmel, Freyhan, Appel, and 
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Schmidt, 1948a), pentothal narcosis (Wechsler, 
Dripps, and Kety, 1951), diabetic acidosis (Kety, 
Polis, Nadler, and Schmidt, 1948b), and uraemia 
(Heyman, Patterson, and Jones, 1951) and con- 
trasts with the large range of values found for 
apparently similar tissues in the present studies. 
However, an almost comparably large scatter is 
found in the values observed in normal subjects in 
vivo (Kety and others, 1948a ; Heyman and others, 
1951). The scatter is beyond experimental error and 
may or may not be due to causes similar to those 
operating in the separated tissue. Human cerebral 
tissues showing clear structural abnormalities have 
been examined within the same period as those of 
the present study, and have often shown respiratory 
rates markedly different from those of Table IV. 
Respiratory rates with substances other than 
glucose as substrate were not available when the 
present experiments were carried out, but Elliott 
and Sutherland’s (1952) publication now gives 
values with lactate and pyruvate which are similar 
to those of Table IV. Rates with succinate were 
higher initially but less stable than in the present 
studies. Rates which were markedly poorly main- 
tained are quoted in Table IV with fumarate and 
citrate, substrates apparently not studied with 
human tissues by other investigators. Fumarate 
but not citrate gave poorly maintained rates with 
guinea-pig cerebral tissues (Kratzing, 1953). 


Metabolism with Applied Impulses 


Respiratory Rate with Glucose.—The mean rate 
with maximal electrical impulses (Table II]) corres- 
ponds to about 110 umoles/g. fresh wt./hr. This 
may be compared with the normal rate of cerebral 
metabolism in vivo which is some 3-3 ml. 0,/100 
g./hr. (Kety and others, 1948a and b) corresponding 
to 88 umoles/g./hr. This is presumably an average 
rate for different parts of the brain which differ in 
respiratory rate when examined in vitro (Dixon and 
Meyer, 1936; Himwich, 1951; MclIlwain, 1953). 
Suppose, to obtain an approximate estimate, that 
the brain consists of equal parts of grey matter and 
white matter, of which the grey has twice the 
respiratory rate of the white. Then that of the grey 
matter in vivo would be 118 umoles/g./hr. Thus the 
respiratory rate of the separated tissue in the 
presence of applied impulses is one which corres- 
ponds more closely to that of the brain in vivo than 
does the rate as ordinarily determined. Other 
alterations also bring about higher rates in vitro ; 
for example, media low in Ca salts to which are 
added certain intermediates in carbohydrate meta- 
bolism (Krebs, 1950), or materials of natural 
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occurrence such as serum. It is not known whether 
glucose remains the main substrate in such media, 
as is the case in vivo and in tissues electrically 
stimulated with glucose as the only added substrate, 

That respiratory rate with applied impulses is 
closest to that in vivo is understandable as fluctuating 
electrical potentials are part of the normal environ- 
ment of cerebral tissues in vivo. It is true that 
applied impulses in vivo can probably increase 
respiratory rate still further, but this takes place for 
a brief period only and is not to be compared with 
the sustained high rate normal in vivo or obtained 
with applied impulses in vitro. Metabolism at low 
glucose levels has also shown the electrically 
stimulated tissue to afford the closest parallel in 
vitro to the behaviour of the brain in situ (McIlwain, 
1953). 


Substrates Other than Glucose.—Metabolic rates 
with different substrates in the presence and absence 
of electrical impulses raise matters related to the 
mechanism of response to such impulses. Many of 
these have been considered elsewhere (MclIlwain 
and Gore, 1953; Kratzing, 1953) in relation to 
tissues from laboratory animals, and the present 
discussion concerns points more specifically related 
to the findings with human tissues. 

Many substances increase the respiration of cere- 
bral tissues in the absence of applied impulses but 
have little effect on the brain in vivo (see Himwich, 
1951). In contrast, the present findings show that 
the substances which will support the respiratory 
response to applied impulses are more limited. 
Although limited they include some substances for 
which evidence of action in vivo is debatable. Thus 
Himwich, Bowman, Daly, Fazekas, Wortis, and 
Goldfarb (1941) and Wortis, Bowman, Goldfarb, 
Fazekas, and Himwich (1941) found little or no 
change in cerebral metabolism or recovery from 
insulin hypoglycaemia in subjects to whom about 
10 g. of lactates or pyruvates were administered. 
Other experiments (Goldfarb and Wortis, 1941) 
have suggested a small increase in arterial-venous 
difference in oxygen to follow administration of 
pyruvate. The hypoglycaemic situation may not be 
a satisfactory one in which to observe the effects of 
carbohydrate intermediates, though findings (Stone, 
1938 ; Klein and Olsen, 1947) with experimental 
animals without insulin administration suggest poor 
penetration to the brain to be important in the 
failure of the carboxylic acids as substrates. Pyru- 
vate has been reported to antagonize barbiturate 
depression (Westfall, 1946), an observation consis- 
tent with its acting as substrate though other 
intermediation is possible. 








SUBSTRATES SUPPORTING RESPIRATION AND METABOLIC RESPONSE 


These considerations are emphasized by the 
findings with glutamate. Under suitable conditions 
in experimental animals, administered glutamate or 
glutamine may reach the brain (Waelsch, 1949 ; 
Tigerman and MacVicar, 1951 ; see also Schwerin, 
Bessman, and Waelsch, 1950; Friedberg and 
Greenberg, 1947). In human subjects, a variety of 
effects involving the central nervous system have 
been found to follow administration of the acid. 
These include amelioration of petit mal and the 
associated electrical characteristics of the brain 
(Price, Waelsch, and Putnam, 1943; Pond and 
Pond, 1951). No effect as anticonvulsant could be 
found in experimental animals (Toman and Good- 
man, 1948), a difference of interest in relation to the 
present findings of greater metabolic activity of the 
acid in human cerebral tissues. The effect of the 
acid on intelligence in mentally defective subjects 
has been reported (Albert, Hoch, and Waelsch, 1946, 
1951; Zimmermann, Burgemeister and Putnam, 
1947 and 1948) and not always paralleled in 
(presumably mentally normal) rats (Stellar and 
McElroy, 1948). Again, such a species difference is 
understandable in terms of the present findings but 
others must be taken into consideration. Weil- 


Malherbe (1950) and Milliken and Standen (1951) 
give relevant experimental work and assess other 
studies not quoted here. 

A third group of studies on administered glutamic 


acid has shown indubitable effects on the central 
nervous system, of which, however, a major part is 
indirect. The acid will rouse subjects from insulin 
hypoglycaemic coma (Mayer-Gross and Walker, 
1949) but only in association with adrenalin release 
and a resulting increase in the blood glucose level 
(Weil-Malherbe,. 1950). Nevertheless, the blood 
glucose level at the time when such subjects were 
aroused with glutamic acid, was less than the level 
associated with arousal following administration of 
glucose itself (Mayer-Gross and Walker, 1949). 
This leaves scope for an action of glutamic acid 
as substrate capable of supporting cerebral activities 
such as has been found in the present study. 

Succinate has been reported to restore cerebral 
functioning following administration of barbiturates 
(Soskin and Taubenhaus, 1943; Castex, Campo- 
novo, and Labourt, 1948 ; Ghilardi Mezzich, 1949) 
and in alcoholism (Katz, 1952). For these effects 
the present studies offer no parallel. The former 
report was not substantiated by Lardy, Hansen, and 
Phillips (1944). 


SUMMARY 


Human cerebral tissues removed during operations 
for prefrontal and temporal lobectomy afforded 
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about 40 specimens for determining the initial 
respiratory rate in a phosphate-buffered saline with 
glucose as substrate. The mean rate so obtained 
was of 55 umoles 0,/g. fresh tissue/hr. The variation 
in respiratory rate was relatively large (S.D. 10-6) 
but rates were not systematically different in tissue 
from frontal and temporal areas. The rates changed 
little if at all during the first two hours’ metabolism. 

Applied electrical impulses increased respiration 
to up to 110 umoles 0,/g.hr., which is close to the 
probable respiratory rate of human cerebral cortex 
in situ. 

Aerobic accumulation of lactic acid with glucose 
as substrate proceeded concomitantly with normal 
respiration and at about 25 umole/g. fresh wt./hr. 
This also could be doubled by applied electrical 
impulses. 

The respiratory rate of human cerebral tissues in 
a phosphate saline without substrate was lower 
initially than when glucose was present and fell 
further after 30 minutes’ metabolism. Electrical 
impulses effective with glucose were then without 
action. Fumarate as the only substrate was without 
effect on the lower rate, on the fall in rate, and on 
the rate with applied impulses. 

Succinate as the only substrate maintained 
respiration without permitting response to impulses. 
Citrate maintained less stable rates which were 
affected little by impulses. Lactate and pyruvate 
maintained well the respiratory rate of the tissues and 
permitted clear responses to applied impulses. 
Reaction to these substrates is similar in human 
tissues and in those from experimental animals. 

With glutamic acid as substrate, human tissues 
behaved differently from those from other animals 
examined. Respiratory rate was maintained and 
responded to applied impulses. 

Comparative observations were made on normal 
and treated guinea-pig tissues and on two specimens 
from rhesus monkey. 


I am greatly indebted to Mr. Murray A. Falconer, 
Director of the Guy’s-Maudsley Neurosurgical Unit, 
for making available specimens of human cerebral 
tissues and also to Mrs. O. Forda and Mr. P. J. Ayres for 
technical assistance. 

I wish to thank Mr. Murray Falconer and Professor 
A. J. Lewis for their comments on the manuscript. The 
studies were generously supported by a grant from the 
Research Fund of the Bethlem Royal Hospital and 
Maudsley Hospital. 
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THE SEX RATIO IN CONVULSIVE DISORDERS 
WITH A NOTE ON SINGLE-SEX SIBSHIPS 
BY 
CHRISTOPHER OUNSTED 
From the Paediatric Department, Radcliffe Infirmary, Oxford 


In many, and perhaps indeed in the majority of 
diseases, one sex tends to be affected more often 
than the other, and the convulsive disorders of 
children appear to provide an example of such a 
differential sex incidence. 

Lennox, Gibbs, and Gibbs (1940) in a series of 
more than 2,000 cases, found that 57% of their 
affected patients were male and 43% female. 
Lennox (1949), in a series of over [50 children with 
febrile convulsive disorders found a ratio of 62% 
males to 38% females, and she concluded that 
maleness was an aetiological factor to be given 
weight comparable with that of age, heredity, and 
degree of fever. This conclusion, if valid, is clearly 
of importance in the natural history of the syndrome 
and of general biologica! interest. 

In this paper we present an analysis based on a 
personal series of children with fits. The sex ratio 
we found was very like that of other workers, but 
on the general principle that any biological variation 
should be compared with that in a control group, we 
also studied the’ sex ratio in the unaffected siblings 
of our patients. The results obtained by this method 
seem to cast doubt on the validity of employing the 
sex ratio as a measure of the aetiological weight of 
sex in this or in other diseases. Our enquiry also 
showed a possible relationship between the here- 
ditary factor in convulsive disorders and the sex 
ratio, both in the affected children and in their 
brothers and sisters. 


Sources 


This study is part of a larger study of the natural 
history of convulsive disorders in childhood. The 
study began on November 1, 1949, and still con- 
tinues. The patients were drawn from the following 
sources :— 


Hospital In-Patients.—Every child with a con- 
vulsive disorder admitted to the wards of the 
children’s departments of the Radcliffe Infirmary 


and Churchill Hospital, Oxford, was seen by me 
on admission, and followed through in the Out- 
patient Department after discharge from hospital. 
Any child who developed convulsive seizures after 
admission was similarly treated. 


Hospital Out-Patients.—Every child referred to 
the Paediatric Out-Patient Department with a 
convulsive disorder after seeing the consultant 
paediatrician was seen by me and was followed up. 


Patients Reported by Health Visitors.—The 
Medical Officer of Health for Oxford allowed me 
to arrange a simple scheme by which health visitors 
in their routine visits notified any child whose mother 
gave a history that the child had had a convulsion. 
I then visited the children in their homes. The health 
visitors specifically enquired about convulsions at 
each visit. They cover roughly 85% of all the 
children in Oxford under the age of 4 years. 


The Mothercraft Clinic.—This voluntary, fee- 
paying organization has a membership largely 
drawn from middle-class people, who often do not 
attend the city clinics. The sister in charge notified 
any child who had a convulsion and I then visited the 
family. 


Infant Welfare Clinics.—These municipal clinics 
referred some affected children to the hospital Out- 
patient Department, and they then entered the study 
via the consultant paediatrician. 


The first sample analysed in this pilot survey 
consists of the family trees of 200 children, forming 
a consecutive series of those seen between January 7, 
1950, and November 18, 1950. This sample is 
probably a fair cross-section of the convulsive 
disorders of children as they present in Oxford at 
the present time. 

It is of importance to note that no selection was 
made on the aetiology of the seizures, for no exact 
method is available for distinguishing so-called 
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idiopathic epilepsy from other types of seizure in 
children. The occurrence of some sort of convulsive 
disorder was the sole condition of entry to the 
sample. The term “ convulsive disorders ’’ is used 
to cover all the recognized convulsive syndromes, 
e.g., idiopathic epilepsy, acquired epilepsy, febrile 
convulsions etc., and the term “fit” covers all 
types of individual seizure, e.g., generalized, grand 
mal, minor motor seizure, focal seizure, petit mal, 
etc. Syncope was excluded. 

The age range in this sample was from 1 day to 
12 years at entry. 


Drawing the Family Tree 


A careful enquiry for a history of convulsive 
disorders among blood-relations was made in every 
case. Questioning of this kind was found to be a 
matter of some delicacy. It was my practice to 
delay the making of a tree until the mother’s first 
fright had subsided, and until her friendship had 
been gained. It was then explained that a know- 
ledge of the family background was a help in the 
treatment of the child, and the mother was asked to 
enquire of the child’s grandparents, aunts, and 
uncles for any case of epilepsy or convulsions of 
any kind. 

A history was accepted as positive if a clear 
history of a genuine fit was obtained : where doubt 
existed about the nature of the attack that relative 
was excluded. 

The only relations considered in this analysis are 
full siblings, parents, aunts and uncles, and grand- 
parents of the propositi. 


Analysis of the Present Sample 


Examination of our sample of 200 children 
showed a ratio close to that given by Lennox, 
Gibbs, and Gibbs (1940) and by Lennox (1949). 
Of our patients 118 (59%) were male and 82 
(41%) were female. The ratio held good whether 
the diagnosis was “epilepsy” or “‘ convulsions ”’. 
Of those diagnosed as “* convulsions ”’, 59-1% were 
male, and of the “ epileptics ’ 57-9% were male. 
On the absolute figures the small percentage dif- 
ference was not of statistical significance. 

At first sight this appeared to confirm a selective 
incidence. When, however, the siblings of the 
affected children were divided into males and 
females, a favouring of males again was found : 
‘156 males to 121 fernales or 56:3 and 43:7%. Of 
these siblings, 34 had seizures and when these 
children were divided into males and females and 
added to the number of the propositi, two large 
groups emerged, 234 children with seizures and 
their 243 siblings without seizures (Table I). 


TABLE I 


RATIO OF THE SEXES IN AFFECTED CHILDREN AND IN 
THEIR NORMAL SIBLINGS 





Group 





All children with seizures . . 


All normal siblings 








Totals 





In the group with seizures 57:3% were male, in 
the group without seizures 57:-6% were male. Thus 
the incidence of males was the same in both groups. 

Again, of the 477 children, 274 were males, and 
of these males 48-9% had fits. There were 203 
females, and of these females 49-3% had fits. 
There is, in fact, homogeneity with regard to sex. 

The sex ratio in the affected siblings (Table II) was 
16 males to 18 females. 


TABLE II 
SEX-INCIDENCE OF SEIZURES 





Group | Totals | Male | Female 


Male | Female 
o 
0 





Propositus 





All siblings — 








Siblings with | 
seizures 


All children 








All with seizures .. 





All without seizures | 243 





Propositus “‘con- | 112 
vulsion ” 





Propositus “* epi- 88 
lepsy ” 








When the sex ratio of affected children is then com- 
pared with that of their unaffected siblings it 
appears that, within families which manifest 
seizures, sex is not a significant aetiological factor. 


Preponderance of Males 


The fact remains, however, that this series accords 
with that of Lennox, Gibbs, and Gibbs in finding a 
marked preponderance of males among affected 
children of the order of 57 to 59%. 

Gowers (1901), in a series of more than 3,000 
patients with fits, found that 48% were male. So 
it might appear that the sex ratio has changed 
in the last 50 years. Plainly the most simple ex- 
planation would be in the known change in this 
period in the infant mortality rate. Male live 
births preponderate over female, and male infant 
mortality over female, hence a falling infant mor- 
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tality rate is likely to increase the number of young 
males in a given population, and in any sub-group 
of that population. Is the explanation then that 
there was in the population from which our sample 
was drawn an overall preponderance of males, at 
the seizure age, of the order of 58%? Critical 
examination suggests that this hypothesis also is 
invalid. 

The Royal Commission on Population (1949) 
reported that the ratio of male to female live births 
in England and Wales varied little from 105 to 100. 
From birth onwards the females gain over the 
males, giving by adolescence a preponderance of 
females. This trend has recently altered and the 
excess Of females is rapidly disappearing. The 
birth ratio, however, remains constant at 105 to 
100; Myers (1949) reports that a similar ratio is 
constant in the U.S.A. Clearly the ratio in this 
series of 274 males to 203 females (that is 134 males 
per 100 females) markedly exceeds even the normal 
ratio at birth. 


Sources of Error in the Analysis.—At the time 
this series was made the families of our patients 
could not, of course, be considered to be complete, 
although in fact these families had an average size 
of 2:4 children, a figure above the probable national 
average of completed families, which is roughly 
2:2 at present (Report of Royal Commission on 
Population, 1949).* 

It is also to be expected that a number of siblings 
will at some future date develop convulsive seizures. 
Clearly final figures require a sample followed for 
25 years. 

There appears then to be a tendency to bear an 
unusually high proportion of surviving males in 
families of children afflicted with convulsive 
seizures. Within the group, however, the sex of a 
child does not affect its chance of developing a 
convulsive syndrome. 


Tendency to Maleness Related to Family History 
of Fits 


It seems to be unlikely that the sex of a child is a 
true aetiological factor. But we have shown that 
there is a tendency for families in which fits occur to 
contain an excess of males. Now if this tendency 
to bear sons were genetically associated with a 
tendency to fits, then the families of those affected 
children who have a family history of fits among 
close relatives might show an increased tendency to 


* Comparison of family size between a series of this kind and the 
whole population will “‘ normally ” show larger families in the group 
siudied, since these families must necessarily contain at least one 
living child. 
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maleness. 
series. 

A family history was considered positive when the 
propositus had a sibling, parent, aunt, uncle, or 
grandparent who had a clear history of a convulsive 
disorder. The family history was positive in 75 
cases in this series and negative in 125. Tables III, 
IV, and V set out the figures for the two groups. 


This point may be examined in our 


TABLE III 
INFLUENCE OF FAMILY HISTORY ON THE SEX RATIO 





Group Male | Female Totals 








Family history positive (all children) 99 | 94 193 





Family history negative (all children) 175 | 109 284 








Totals 274 | 203 =| 477 


| 





x5 = 4-693 


TABLE IV 
FAMILY HISTORY POSITIVE 





Group | Male Totals 





Propositus .. a re oa 40 | 75 





Affected siblings .. aie we | 16 | 34 





All affected .. a a ce il 56 109 








All unaffected os nia ea 43 84 





Totals .. ~ i 99 193 





TABLE V 
FAMILY HISTORY NEGATIVE 





Group Male | Female | Totals 





Propositus .. - = i ae 47 125 





Unaffected siblings . . eve is 97 62 





| 159 
284 





Totals .. ms “a 175 | 109 








An unexpected fact emerges. The group with the 
negative family history contains the entire excess of 
males. 

This is the exact converse of the expected finding. 
The Chi square suggests that our figures are statisti- 
cally significant. The ratios hold good if the pro- 
positi are removed from each cell in Table III. 

Now in the group with a positive history, as in 
the whole series, there is homogeneity with regard 
to sex; of all females, 56.4% had fits, and of all 
males, 566% had fits. The overall ratio of males to 
females is 105-3 males per 100 females, a ratio 
extremely close to the normal ratio of all live 
births. The ratio found when the propositi are 
excluded is exactly 100 males per 100 females (59 male 
siblings and 59 female siblings). 
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Where the family history was negative, there the 
sex ratio deviated grossly to 160-5 males per 100 
females. 

In spite of this fact, the sex of the child again did 
not appear to affect its chance of having a fit. Of 
all females in the negative family-history group, 
56% had seizures ; of all males in the same group, 
55% had seizures. The percentage of each sex 
affected is, therefore, the same whether the family 
history is positive or negative and whether the 
tendency to maleness is present or absent. 

We appear to have shown then that there is in 
children with convulsive disorders an association 
between a tendency to maleness in their families and 
an absence of seizures among close relatives. 


Relationship between “ Epilepsy ’’ and ‘“‘ Convul- 
sions”’ in Negative Family History Group 

We have shown that the families of affected 
children with a negative family history contain an 
excess of males of the order 160 males per 100 
females. Now this might be due to the fact that the 
group with a negative family history included as a 
subgroup some particular form of epileptic disease 
in which the maleness tendency was marked and 
the tendency to a familial incidence of seizures was 
absent. Inspection of the family trees suggested that 
this is unlikely to be true. The matter may, however, 
be tested a little more precisely. 

Those propositi whose diagnosis was “ convul- 
sions ’’ formed a relatively homogeneous clinical 
group. They were in general children who, with 
fever, below the age of 4 years, produced one or 
two isolated grand mal seizures without evidence 
of permanent cerebral damage. Families of the 
propositi from this group may then be compared 
with families from the more clinically mixed 
“epileptic” group, both groups being, of course, 
those in which a family history of seizures is 
absent. 

Table VI shows, however, that the excess of 
males was in fact distributed evenly between the 
“convulsions ” group and the “epilepsy ” group. 
In the “‘ convulsions’ group 60-8°% were males ; 
in the “‘epilepsy ’’ group 62:7% were males. ‘The 


TABLE VI 
FAMILY HISTORY NEGATIVE FOR “ EPILEPSY ” AND 
** CONVULSIONS ” 





Group Male | Female | Totals 


| 
a4 69 41 110 





Propositus “‘ epilepsy ” 





106 68 174 
Totals .. ne jie 175 109 284 


Propositus “‘ convulsions ”’ 











CHRISTOPHER OUNSTED 


small percentage difference is not significant. 
square is 0-082 on Table VI. 

It appears that the tendency to maleness is a 
general property of the group with a negative 
family history. 

I am unable to think of any simple genetic 
explanation that satisfies the facts given in this 
section. The findings do, however, serve to under- 
line the essential unity of the convulsive disorders, 
With regard to the presence or absence of the family 
tendency to seizures and of the familial tendency 
to bear sons, the ** epilepsy ’ and the * convulsion ” 
groups appear to behave in an identical way. 


Chi 


Single-sex Sibships 

The findings of this pilot survey seemed to be of 
rather general interest. The existence of families 
with a tendency to bear children all of one sex 
has long been suspected by geneticists, but no 
large group of such families has yet been isolated 
(Myers, 1949). The material collected in the present 
series offers an opportunity for isolating such a 
group. By attempting to do so we test also the 
suggestion made in the previous sections that a 
true tendency to bear an excess of males exists in 
the group studied, and that this tendency is limited 
to the sub-group with the negative family history. 

For our hypothesis to be confirmed the following 
four propositions must be satisfied : (1) Incidence 
of all-male sibships in the group with a positive 
family history—within normal limits ; (2) incidences 
of all-female and of mixed sibships in the same 
group—within normal limits; (3) incidence of 
all-male sibships in the group with a negative 
family history—a significant excess ; (4) incidences 
of all-female and of mixed sibships in the same 
group—a corresponding reduction, which affects 
both the all-female and the mixed sibships to 
approximately the same degree. 


Methods.—The statistical method evolved is a 
very simple comparison of observed and expected 
numbers in each size of sibship. 

The reasoning proceeds thus. The ratio of male 
to female children at birth is 0-514 to 0-486, and 
this ratio is not greatly affected by maternal age 
or size of sibship (Lancaster, 1950). The ratio 
is applied here, and we make the assumption, 
therefore, that the overall ratio in the age-group 
from which our series is drawn does not differ 
significantly from the birth ratio. (This assumption 
is allowable, for we know that any difference 
there may be will be in favour of the females, 
hence any bias introduced will be against our 
hypothesis.) 
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Let S be the size of the sibship ; let Ns be the 
number of sibships of size S ; let Em be the expected 
number of sibships of size S, that are composed 
entirely of boys ; let p = 0-514. 

Then 
Em = Ns (0-514) 
The variance of Em for a sibship of size S is given by 
Var = Ne’ (1 — p)) ...c2e222 


The difference between observed (Ns) and 
expected (Em) may be calculated for each size of 
sibship, and the columns added up over the whole 
table. The excess of all male-sibships is then given 
by 

ee Oo ee Ss og a ew oe 


and the standard error (S.E.) is expressed by the 
sum of the variance &(Var). In order to establish 
that, for example, a significant excess of all-male- 
ships is present in any subgroup it must be shown 
that : 
=Nm — LEm) is greater than, say,3.. . 4 
/ X(Var) 


When the figures are arrayed in this way allowance 
is made for the number of sibships of different 
sizes in each group, and since the variance of each 
cell is calculated separately, it is quite simple to 
apply appropriate weightings to the figures and 
derive more delicate significance tests than that 
given above. 


Results. —Analysis of the figures by these methods 
shows that all four initial propositions are satisfied. 
In the subgroup with a negative family history 
there is a gross and significant excess of all-male 
sibships ; the corresponding reduction in the 
mixed and female sibships affects them propor- 
tionately. The group with a positive family history 
shows a reasonably close correspondence between 
observed and expected numbers with regard to male, 
female, and mixed sibships. 

Table VII sets out the crude figures with only 
children (solitaries) excluded. Table VIII shows 
that the inclusion of solitaries gives a similar 
result. 


TABLE VII 


OBSERVED AND EXPECTED SINGLE-SEX SIBSHIPS 
(SOLITARIES EXCLUDED) IN SERIES I 





Group Expected Observed | Difference 
88 | — 18 
10-0 | | — 6 
3-7 


15-5 





Family 
History 
Positive 





all-male 





Family 
H istory 
Negative 


all-female 





| 
all-female sw | 
| “a 
om 
ey 


all-male 
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TABLE VIII 


FAMILY HISTORY NEGATIVE GROUP: OBSERVED AND 
EXPECTED DISTRIBUTIONS OF SIBSHIPS IN SERIES I 
(SOLITARIES INCLUDED) 





Group Expected | Observed | Difference 


36:5 57 + 20-5 
Sibships all-female - | B 24 


—9 


Sibships mixed .. - i‘. 52:5 41 — 11-5 








Sibships all-male 




















(<£Nm — ZEm) — 45 
fu= Ot 
(6) Three bastard propositi omitted from this table. 


(a) For the all-male sibships : 


A finding of this kind requires confirmation 
and a second series of 137 consecutive cases was 
therefore analysed in a similar fashion. The results 
again satisfied our initial propositions. 

The two samples, when combined, provided 
337 sibships containing 827 children. The gross 
distribution of single-sex sibships for the combined 
sample is set out in Table IX. It will be seen that 
in the group with a positive family history families 
consisting entirely of girls are as common as those 
consisting entirely of boys (28 : 26), whereas, in the 
negative group the all-male sibships are in gross 
and significant excess (39 : 89). 


TABLE IX 


NUMBERS OF SINGLE-SEX SIBSHIPS (INCLUDING SOLI- 
TARIES) IN FAMILIES OF 333 CHILDREN WITH FITS 
(SERIES I AND ID) 





Number of | Number of | 
croup Soe So 
Only ‘Only 
28 
39 


| 
aes ae 67 


Totals 


Family history positive. . | 26 











Family history negative. . | 89 








x = 7-463. P is less than 0-01. 


(i) The 333 sibships contained in all 823 children. 
(ii) There were four bastards, who have been excluded. 


It seems then that a significant excess of all-male 
sibships is present in this example and is limited 
strictly to the subgroup in which no family history 
of fits was obtained. 

We may now question whether we are dealing 
with a tendency to bear more boys than girls or 
whether the tendency is to bear all boys and no 
girls. This we may test by examining the sex ratio 
in the mixed sibships of the negative group and 
comparing this ratio with that in the single-sex 
sibships in the same group. Table X set out the 
figures for Series I. The results are quite clear 
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cut. There is no excess of males in the mixed 

sibships ; the sex ratio is, in fact, 95 males per 100 

females. The whole excess of males is located in the 

single-sex sibships, and in this group the sex ratio 
is 306 males per 100 females. 


TABLE X 


THE SEX RATIO IN MIXED SIBSHIPS AND IN SINGLE-SEX 
SIBSHIPS COMPARED IN THE GROUP WITH NEGATIVE 
FAMILY HISTORIES (SERIES I) 





Group Boys Girls Totals 











Drawn from mixed sibships 71 





ships 





Totes .. ; | 175 109 


75 | 146 
| 
| 
| 
| 284 


| 
Drawn from single-sex sib- | | 34 138 





Sex ratio in mixed sibships : 95 males per 100 females. 
Sex ratio in single-sex sibships : 306 males per 100 females. 


We set out by showing that there were more boys 
than girls with fits. We are now led to conclude 
that this is due solely to the existence of an excess of 
all-male sibships, limited to the subgroup with a 
negative family history of seizures. 


Discussion 


Sex Ratio.—One of the most curious problems of 
medicine is the tendency of diseases to attack one 
sex more than another. A differential sex ratio is 
usually placed under the heading of “ aetiology ”’, 
with the implication that some factor peculiar to the 
predominating sex is a contributing cause of the 
disease under study. 

Examples of such selective incidence are rheu- 
matoid arthritis (Trousseau, 1871), ankylosing spon- 
dylitis (Stone, 1947), acute intestinal obstruction 
(McIver, 1933), pyloric stenosis (Sheldon, 1943), 
coronary disease (White, 1945), rheumatic chorea 
(Lewis-Jonsson, 1949), mental defect (Sjogren, 
1932 and 1935 ; Rosanoff, 1931). This list might be 
extended indefinitely. 

The usual method of expressing a selective in- 
cidence is to divide a series of cases into males 
and females and to work out what percentage of 
the whole series was male and what percentage 
female. Clearly this must be the first step, but to 
use a ratio found in this way as an expression of the 
aetiological force of sex is open to grave objections. 
As we have shown the convulsive disorders of 
children are a case in point. Here the simple 
division of propositi into males and females has 
suggested to several workers that there is in male 
children an inherently greater tendency to fits. 


CHRISTOPHER OUNSTED 


Our findings 
invalid. 

Alstrom (1950) examined the sex ratio among 
adult Swedish epileptics as part of a thorough 
analysis of the genetics of the disease. He divided 
his series into those of “ known”, “ probable ”, 
and “‘ unknown” aetiology, the term ‘“ known” 
being roughly equivalent to “* acquired ”’, ** organic ” 
** post-traumatic’, and the term ‘“ unknown” 
being equivalent to “idiopathic”, ‘ essential ”, 
or “ genetic ’’ epilepsy in other terminologies. 

He showed that in the group of unknown aetiology 
(idiopathic epilepsy) the sex ratio was almost 
exactly 1:1; in the groups where the aetiology 
was thought to be definitely or probably known 
(acquired epilepsy) there was an excess of males 
of the order 177 males per 100 females. Alstrém 
deduced that the overall excess of males in his 
sample (55%) was due to the greater liability of 
males to acquire epilepsy through cerebral trauma 
of various types. The figures presented in previous 
sections of this paper suggest that deductions of 
this type should be re-examined. 

There is, in fact, a close correspondence between 
Alstr6m’s figures and the findings of the present 
study. Thus the ratio in Alstrém’s group of *‘ cause 
unknown ”’ (idiopathic epilepsy) is the same as that 
found in our children with a positive family history 
of fits. In Alstrém’s series the ratio was 102 and in 
mine 105 males per 100 females. Among patients 
in whom the cause was “ known” or “ probable ” 
in Alstrém’s series the ratio was 177% compared 
with a ratio of 160% among those with negative 
family histories in the present sample (Table X]). 


suggest that this deduction js 


TABLE XI 


THE SEX RATIO IN SWEDISH EPILEPTICS COMPARED 
WITH THOSE OF THE PRESENT SERIES 





Number of Males per 
100 Females 





Group | 


Alstr6m (aetiology unknown) 606 cases | 102 





Ounsted (family history positive) 75 105 
families 





Alstrom (aetiology known or probable) | 177 
291 cases } 





Ounsted (family history negative) 125 
families 





But as we showed, when whole sibships are con- 
sidered it is found that there is also an excess of 
males, of similar order, among the wnaffected 
children, both in the sample as a whole, and in 
the subgroup with the negative family history. 
We were, therefore, forced to conclude that sex 
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was not a significant determinant, ‘n spite of gross 
favouring of males among the propositi. 

In some diseases the explanation for partial or 
complete sex-limitation is clearly genetic. Haemo- 
philia is the classic example and provides the simple 
model. A single recessive gene with a locus on the 
X-chromosome is such that there is no allelomorph 
upon the Y-chromosome and necessarily limits the 
disease to males. Certain other recessively determined 
diseases of children show a sex ratio favouring 
males. Penrose (1949) cites albinism, familial 
diplegia and paraplegia, retinitis pigmentosa, 
amourotic idiocy and low-grade defectives generally. 
He considers the theory of Sjégren (1932 and 1935) 
and Rosanoff (1931) that sex-linked genes are 
modifying factors, but he concludes that 

“There seem to be no objections to the simple 
view that the genes concerned are differently manifested 
because the sexes are constitutionally different. It 
appears likely also that the variations in reaction 
within the sexes to different abnormal genes depend 
chiefly upon autosomal constitution.” 

Sex ratios should then be used with great caution 
even when the disease is genetically determined. 

Diseases due to infection may also appear to 
show a selective sex incidence. Breen and Benjamin 
(1950) in a study of the 1947 and 1949 polio- 
myelitis epidemics in London found that in the 
age-range 1-4 years the sex ratio was 137 males per 
100 females, but that the excess of males disappeared 


with rising age, and after puberty was replaced by 


an excess of females. In fact, then, the change in 
the sex ratio with age for poliomyelitis follows the 
same shaped curve as the change in the sex ratio in 
the general population (Royal Commission on 
Population, 1949). At the lower end of the scale 
the excess of males is likely to be due in part 
to an overall excess of males in the exposed 
population. 

Our findings suggest that whether genetic factors 
or exogenous factors appear paramount in the 
aetiology of a disease an examination of the ratio 
in unaffected siblings should be made before any 
aetiological weight is given to the sex ratio in those 
affected. 


The Inherited Factor.—In a pilot analysis of the 
family-trees of the patients in these samples 
(Ounsted, 1952) it was suggested that our methods 
of examining the role of heredity in convulsive 
disorders were necessarily inexact. In the present 
analysis we made therefore the most simple division 
of patients possible, allocating them into two 
groups, those with a positive and those with a 
negative family history. In practice this division 
seems justified by the results obtained, for it clearly 
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isolates the subgroup containing the whole excess of 
males. 

It is of interest that the pattern of sex ratio was 
the same for children with epilepsy as for those with 
convulsions. This finding is in agreement with the 
suggestion (Ounsted, 1952) that epilepsy and con- 
vulsions do not segregate from one another. 


Single-Sex Sibships.—It is not difficult to construct 
a genetic model that would generate sibships 
consisting wholly of girls. A single recessive sex- 
linked gene lethal to the male foetus would suffice. 
All-male sibships present more difficulty, and since 
the genetics of the convulsive disorders are in any 
case nebulous, a model cannot justifiably be de- 
signed to explain our figures at this stage. It may 
well be that the all-male sibships were attracted into 
this sample by some purely environmental cause. 
Head injury is the natural suspect and a more 
detailed enquiry into this possibility is in progress. 
The finding that the excess of males affects equally 
those families derived from children with febrile 
convulsions and those with epilepsy, suggests, 
however, that a diathetic rather than an environ- 
mental factor is responsible. 

That the preponderance of boys in this sample is 
due wholly to the existence of an excess of all-male 
sibships in the subgroup with a negative family 
history seems clear on simple inspection of the 
figures. The crude significance tests given appear to 
be reliable, for the application of more refined 
methods involving weighting techniques made only 
minor changes in the derived probabilities. 

Finally it is interesting that the tendency of these 
families to generate males seems to be an all-or-none 
property. Mixed sibships make no contribution to 
the excess of males. The whole excess of males in 
the sample is located in single-sex sibships within the 
subgroup with the negative family histories. 


Summary 


In common with other authors we find more 
boys than girls affected with convulsive disorders of 
all types. Samples containing 337 personal con- 
secutive cases with their 490 siblings were analysed. 

Examination of the brothers and sisters of such 
patients shows, however, that there is also an excess 
of unaffected boys within the sibships. 

Comparison with the sex ratio in the general 
population suggests. that there is a tendency for 
sibships collected in this way to contain a true 
overall excess of surviving males. 

Within the sample, however, the sex of a child 
does not affect its chance of developing a convulsive 
syndrome. 
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The excess of boys, both affected and unaffected, 
is limited strictly to a subgroup defined by a negative 
family history of seizures. 

The excess is further limited to single-sex sibships 
and the existence of these all-male sibships accounts 
for the sex ratios discovered. 

The findings suggest that the use of a differential 
sex ratio to measure the aetiological weight of sex 
is a suspect procedure. 

No genetic model can justifiably be constructed 
to explain our findings at this stage. 


I wish to thank Dr. V. Smallpeice, who supervised 
this work, for continuous encouragement and help ; 
Mr. E. J. Finney and Dr. Sampford for much helpful 
assistance on the statistical analyses; the Research 
Advisory Sub-Committee of the Oxford Regional 
Hospital Board for valuable support. 
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PROGNOSTIC FACTORS IN ELECTRIC CONVULSIVE THERAPY 


BY 


ROBERT F. HOBSON 
From the Bethlem Royal and Maudsley Hospitals, London 


Although convulsive therapy is used with enthu- 
siasm in many mental illnesses, there is, as yet, 
a lack of evidence on which to base criteria for the 
selection of cases. In view of the very definite 
physical risks and possible harmful psychological 
effects, it is important that precise indications 
for the treatment should be determined. The 
present investigation is an attempt to assess statis- 
tically the significance of particular features of the 
history and clinical state in regard to outcome of 
treatment, and so to discover valid guides to 
immediate prognosis. 

Broad, discontinuous groupings, such as diagnos- 
tic categories, are unsuitable for prognostic 
purposes, being too ill defined and too widely 
inclusive. Published results of treatment are difficult 
to compare and interpret so long as such groups, 
bearing the same labels, vary to an unknown 
extent in clinical status. There can seldom be a 
prognosis of a “ disease’ in psychiatry and pre- 
diction must be based upon the heredity, life 
history, and presenting symptoms of each individual. 
For these reasons diagnostic criteria were not used 
in this investigation, a study being made of the 
association between defined variables in the clinical 
picture before treatment and subsequent improve- 
ment. 

Method 


An analysis was made of 150 cases treated by 
convulsive therapy as in-patients at the Maudsley 
Hospital. 

Unavoidable selection was due to the special 
type of case admitted to the Maudsley Hospital, 
and the local opinion regarding indications for the 
treatment. As all were voluntary patients, and also 
selected for teaching purposes, there were few 
chronically ill or severely disturbed patients and 
there was a high proportion of cases with uncommon 
features. Almost all cases were depressed and there 
was a high incidence of neurotic traits. 

The presence or absence of 121 clinical items was 
recorded for each case, special emphasis being 
ziven to detailed and objective observations made 


by reliable relatives and friends, amplified by 
investigations carried out by psychiatric social 
workers and information from other social and 
medical sources. An attempt was made to use 
clear, unequivocal definitions but in many cases 
purely objective estimation of items was not possible. 

Two ratings of improvement were used, Groups 
A and B. Group A included those who were either 
completely free of symptoms or had only slight 
residual symptoms, which, it was judged, would not 
interfere with working capacity and be only a slight 
handicap in social relationships. Those patients 
in Group B might or might not have shown some 
improvement but still had marked symptoms, were 
unfit to resume their normal occupation, and were 
seriously handicapped socially. 

In order to investigate prognostic factors bearing 
upon the immediate outcome, the cases were 
classified in the clinical groups two weeks after the 
course of therapy had finished, and the relative 
frequency of occurrence of the separate clinical 
items in each group was evaluated statistically 
(see Table IV) by means of the phi coefficient 
correlation method. This coefficient is a measure of 
association between two variables, an approxima- 
tion to a true correlation when the data are in 
discontinuous form (Guildford, 1941), the variables 
here being the presence or absence of improvement 
and of a particular clinical item. The clinical 
groups were not strictly discontinuous but could 
be considered to be so for the purpose of this 
investigation, where the data did not permit of very 
accurate statistical treatment. Corrections for 
continuity were not made. 


Analysis of the Case Material 


In some of the 150 unselected cases, treatment 
had been discontinued prematurely because of 
refusal of treatment, the occurrence of complica- 
tions, or change of diagnosis; 23 such patients 
were excluded from the finzl analysis. In the 
remaining group of 127 cases there was no definite 
relationship between improvement and the number 
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of convulsions given. In this group there were no 
patients who had received less than six convulsions 
without clinical improvement. The results of 
treatment in the selected series of cases are shown in 
Table I. 


TABLE I 
RESULTS OF TREATMENT IN THE SELECTED SERIES 





Grade of Clinical Improvement 








A (good) | B (poor) Total 
Number of cases 78 (62%) 49 (38%) 127 (100%) 
| | | 
Percentage cud: : ae | 100 





The association of individual items with outcome 
in this selected group was assessed by means of the 
phi coefficient method, and Table II lists the more 
positive findings. Significant phi coefficients for 127 
cases were + 0-17 at the 5% level, + 0-21 at the 
2% level, and + 0-23 at the 1% level. Definitions 
of the items are listed later. 

An attempt was made to devise a means of 
predicting the immediate outcome by scoring 
clinical items. The most successful scoring method 
for this series was derived from Table II and 
consisted in giving a score of 1 for the absence 
of a favourable feature and for the presence of an 
unfavourable one. The scores ranged between 2 and 
14 and the distribution of cases is shown in Table III. 
When a score of 7:5 was taken as an index of social 
recovery, 27 cases (21-:3%) were misclassified. 


(A test of predictive accuracy with another series of 


cases is, of course, necessary.) 


TABLE II 


ANALYSIS OF FAVOURABLE AND UNFAVOURABLE 
CLINICAL FEATURES OF CASES FROM TABLE I 





Favourable Features Phi Co- 
Significant at— efficient 
1% level Sudden onset ret He ae a +0-31 
Good insight . ae ay +0-24 
2% level Obsessional previous "personality os =P +0-21 
5% level Self-reproach . im - + 0-20 
Duration of illness less than 1 year.. Pa 
Very suggestive, not significant— 


Pronounced retardation 





Unfavourable Features 
Significant at— 
1% level Mild or moderate costar aan 
Depersonalization , 
2% level Emotional lability 
5% level Neurotic traits in adult life . 
Hysterical attitude to symptoms 
Intelligence above average .. 
Fluctuating course since onset 
Neurotic traits in childhood 
Very suggestive, not significant— 
I}l-adjusted previous personality 
Hysterical previous personality 





Suggestive (frequencies too small for Phi Coefficient Test) 
Affective incongruity 
Irrelevance in speech 
Hallucinations 
Hypochondriacal previous personality 





TABLE III 


SCORING OF CLINICAL ITEMS IN RELATION TO EFF i-cTs 
OF TREATMENT 





Grade of Clinical |_ : _ Score 


Improvement o|1|2) 3 
| 
1 


l 
| 


B (poor). No. _ of cases °| 0 0 


} | | | 
A (good). No. of cases | 0} 1 5 \1411 15}11;}7)}5}0}3|0)0 0 O19 





In Table IV are set out the frequencies in the 
improvement groups of 42 more important clinical 
items. In this table. percentages refer to the pro- 
portion of the total cases in clinical groups A or B 
that showed a particular feature. For example, 


TABLE IV 


ANALYSIS OF CLINICAL ITEMS IN RELATION TO 
PROGNOSIS 





| Percentages 
in Clinical 
Groups 


Total Phi 


A “BRB Cases 
(78 (49 
cases) | cases) 


efficie nt 


Female te ee % 59 
Age over 40. 
Single 
Family history : 
Depression 
Schizophrenia 
Other diagnoses 
Neurotic traits in childhood 
Neurotic traits in adult life 
Previous personality : 
Ill-adjusted 
Cyclothymic 
Schizoid 
Hysterical 
Obsessional 
Hypochondriacal 
Psychopathic 
Previous mental illness : 
Depressive 
Other 
Onset : 
Sudden .. 

Physical precipitation | 
Psychological precipitation 
Course of illness—fluctuating : 
Duration of illness under | year .. 

Insight good. . és Ss 

Depression severe 
Emotional lability 
Self-reproach % 
Retardation pronounced 
Suicidal attempts 
Nihilistic ideas 
Anxiety 
Insomnia marked 
Weight loss .. =e 
Appetite impaired 
Depersonalization 
Hypochondriasis : 

Mild or moderate 

Severe and delusional 
Affective incongruity 
Irrelevance in speech 
Hallucinations 
Delusions J ee 
Hysterical attitude .. healt 
Obsessive compulsive symptoms a 
Intelligence above average. 





*Italicized figures indicate a significant variation. 
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PROGNOSTIC FACTORS IN E.C.T. 


37 of the 127 cases showed evidence of neurotic 
traits in childhood. Eighteen (49%) of the 37 were 
classified in Group A. Of the total 127 cases, 78 fell 
into Group A and of these 18 (23%) had shown 
neurotic traits in childhood. The latter percentage 
reveals more accurately the association between 
improvement and the presence of the item. 

A detailed analysis of each clinical item was 
undertaken but, in this context, mention will be 
made only of some features of interest in regard to 
the significant items—obsessional personality, 
emotional lability, depersonalization, and intelli- 
gence level. 

The presence of an obsessional previous personal- 
ity was a significantly favourable feature. There 
was a correlation between this type of personality 
and older age; of 71 cases aged 40 or below, 
21% had obsessional personalities compared with 
38°, of 56 cases above this age. The obsessional 
personality has been described as a feature of the 
so-called ‘* involutional depression”. Ten cases 
(28°) with this diagnosis occurred in this personality 
group, a higher proportion than in the series as a 
whole (21 cases or 17%). This diagnosis is usually 
reserved for depressions first appearing in later life 
but two of the cases diagnosed here as ** involutional 
depression * had had previous attacks. The eight 


cases with no previous illnesses, an obsessional 
personality, and onset of depression over the age 


of 40, did not show any favourable trend, five 
falling into Group A and three into Group B. 
There was thus no evidence that the possession of an 
obsessional personality was favourable only in 
such a setting. In fact, those cases with a history of a 
previous illness had a better outcome than those 
without. The numbers were small for. statistical 
validity but suggested that the possession of an 
obsessional personality was not only favourable in 
the depressions of later life. When obsessional 
personality was associated with good insight there 
was a strikingly favourable outcome. Out of 10 
such cases, nine were completely symptom free. 
The other case was diagnosed as schizophrenia 
and possessed features later shown to be unfavour- 
able. 

Emotional lability was associated in this series 
with neurotic personality traits and an hysterical 
attitude to symptoms. With one exception some of 
these factors were present in all cases not socially 
recovered and this association appeared to account 
for the unfavourable outcome. 

A rough and arbitrary division was made into 
mild and severe depersonalization, depending upon 
the degree to which personality was felt to be lost or 
changed, and upon the distress caused to the patient. 
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In all but two cases the depersonalization occurred 
in a setting of moderate or severe depression. 
In 12 cases (50%) the symptom of depersonalization 
remained unchanged, although in five there was 
improvement in other spheres, particularly in the 
depressive affect. ‘‘ Severe’ symptoms dominated 
this group (nine cases). In the remaining instances, 
there was some improvement in the symptom in one 
case and in the others it cleared up. These were 
mainly mild feelings of unreality accompanying the 
affective disturbance, but in three instances they were 
severe. 

In some cases psychometric investigations had 
been carried out to estimate intelligence, but in 
many no accurate estimations were made and the 
intelligence level was roughly assessed from school 
and work records with the help of simple tests of 
memory, comprehension, arithmetical ability, and 
general knowledge. Thus the interesting negative 
association of high intelligence with social recovery 
was not beyond question. The positive association 
of intelligence below average was less marked, 
but the figures, however questionable, were 
sufficiently striking to warrant further investigation. 


Discussion 


The investigation of trends in a restricted group is 
an approach with necessary limitations, being 
concerned only with general tendencies and utilizing 
artificially created items. In this investigation, 
clinical features were considered in isolation, the 
interplay between them and their varying significance 
in different settings being neglected. The practical 
value of the analysis is suggested by the scoring 
method of predicting outcome, which was sur- 
prisingly accurate for this series (79%). It is not 
suggested, however, that prognosis can be a matter of 
arithmetic, and no hope was entertained that an 
infallible guide would be provided. The contingent 
variables in a clinical problem are not additive, as 
might be suggested by this presentation. Clinical 
assessment must always be adapted to meet the needs 
of an individual case, but, though the results of this 
investigation cannot be conclusively applied to any 
one patient, they can be of practical assistance in the 
formulation, treatment, and prognosis by indicating 
the significance of certain features. 

The validity of the associations for the sample, 
i.e., cases admitted to the Maudsley Hospital, 
is dependent upon possible errors due to the 
unreliability of observation, the inexactitude of 
verbal formulations, lack of objective criteria, and the 
influence of other therapeutic aids. Efforts were 
made to construct unambiguous definitions in 
operative terms, but complete objectivity was 
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possible only in the case of such items as age, sex, 
civil state, and details of treatment. In regard to 
other items a relative reliability was possible, being 
greater in regard to symptoms than to the history 
of the present illness, previous illness, personality, 
and family history, and there must be doubt in 
regard to the items “hysterical attitude to 
symptoms” and “intelligence above average” 
because of the lack of precise criteria and adequate 
objective tests. It is considered that definite con- 
clusions can be drawn in regard to associations 
significant at the 1% or 2% level and significance 
at the 5% level is sufficiently striking to be of 
practical clinical value. 

There were many variable influences in treatment 
apart from the convulsive therapy, such as social 
therapy, occupational therapy, sedation, and per- 
sonal contact with doctors and nurses but these 
were random influences and hence were ignored. 
The “immediate” improvement was_ recorded 
two weeks after treatment, which was seldom given 
before the patient had been in hospital some weeks 
without improvement. Hence the clinical change 
recorded was likely to be connected with the 
induced convulsions. 

In the extensive literature there are many contra- 
dictions regarding the indications for, and the 
results of, convulsive therapy, particularly in 


, 


relation to the significance of particular clinical 


features. Comparison of the findings of this 
investigation with the results and opinions of other 
workers is not attempted in detail here, partly 
for reasons of space and partly because, owing 
to unknown variations in sampling and definition, 
and lack of uniform objective criteria for classifying 
improvement, such comparison would be of little 
value. Although there are marked differences of 
opinion, some support can be found in the published 
work for all the positive findings presented here, 
with the exception of the items “‘ sudden onset ” 
and ‘* good insight ”’, which call for further mention. 

Although the consensus of opinion is that in 
schizophrenia, treated by induced convulsions, 
a sudden onset of the illness is a favourable feature, 
there has been little discussion of this feature in 
illnesses particularly characterized by depression. 
The sample investigated here was largely comprised 
of cases diagnosed as ‘“‘ depression ’’ and, setting 
aside the unreliability of information, it is difficult to 
account for the highly significant result regarding 
suddenness of onset in the absence of any support 
from other writers. It may be that the criteria of 
‘** acuteness ’’ with a maximum of eight weeks was 
longer than in most studies. The only criterion 
discovered in other papers is that of four weeks given 
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by Huston and Locher (1948a and b). It may be, 
however, that this factor has not before been 
carefully studied on a sufficiently large group of 
cases. 

The strikingly favourable results in cases with 
good insight have no parallels in the (iterature, 
Gordon (1946) mentioned the poor outcome in 
cases with impaired judgment and insight, but no 
other similar references have been found. Kalinowsky 
(1944 and 1948) considered that, for all psychotics, 
the greater the loss of contact with reality the better 
the prognosis, and he described poor results in 
cases with well preserved personalities. It is not 
clear what was meant by a “well preserved 
personality °’ but it is likely that it implied preserva- 
tion of judgment and insight. A severe psychotic 
illness is not necessarily associated with loss of 
insight, however. Lewis (1934) found that in 61 
cases of melancholia, insight was good in 14 and 
fair in 18, and he quoted Lange’s statement that a 
more or less obscure awareness of illness was 
rarely absent even in the severest melancholia, 
and sometimes in the presence of paranoid delusions. 
In this series described, delusions were present 
in three cases with good insight. 

It is of interest to compare the indications of 
prognosis suggested by this investigation with those 
put forward for cases, particularly suffering from 
depression, not treated by convulsive therapy. 
Lewis (1936a), however, pointed out that in regard 
to *‘ melancholia” there were no unequivocal prog- 
nostic signs, either as to the duration of the current 
attack or as to the subsequent history, and suggested 
that a study of the case as a whole was of more 
value than attention to details commonly stressed. 
A full review of the literature cannot be attempted 
and, while recognizing the danger of misrepresen- 
tation by over-simplification, a few points of special 
relevance will be discussed. 

An attempt was made to discover prognostic 
factors in depression by a survey of some of the 
more important papers on this subject (Paskind, 
1931 ; Lewis and Hubbard, 1931 ; Strecker, Appel, 
Eyman, Farr, LaMar, Palmer, and Smith, 1931 ; 
Steen, 1933; Lewis, 1936b, 1946; Anderson, 
1936; Palmer and Sherman, 1938 ; Rennie, 1942; 
Drobnes, 1943 ; Lundquist, 1945 ; Malamud, Sands, 
Malamud, and Powers, 1949 ; Le Mappian, 1949). 
There were many contradictory contentions but it 
was possible to find much common ground. 

A family history of mental illness, age, and the 
occurrence of previous illnesses were of doubtful 
significance, though the occurrence of schizophrenia 
or eccentricity amongst relatives, and the onset of 
illness at an older age tended to be unfavourable. 
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An ill-adjusted personality presaged a poor outcome, 
especially if there was neurotic instability or 
hypochondriasis. Obsessional traits were regarded 
as being either of no significance or unfavourable. 
A favourable outcome was associated with a 
short illness, in which the onset had been sudden 
and precipitated by exogenic factors no longer 
active. Symptoms carrying a bad prognosis were 
mild depression, anxiety, depersonalization, nihilistic 
delusions, hysterical, and schizophrenic features. 
Most writers regarded all types of hypochondriasis 
as unfavourable, but Drobnes (1943) described 
findings similar to those of this investigation, 
mild ‘hypochondriasis being a bad omen and 
severe bizarre somatic delusions carrying a good 
prognosis. In view of the absence of any reference 
to insight in the literature on convulsive therapy, 
it is of interest to note that Lewis (1936a) 
pointed out that denial of mental illness by the 
patient was often associated with a bad outcome, 
as in this series. 

From this discussion it can be hazarded that, 
although in general prognostic indications with and 
without convulsive therapy appear to be similar, 
there do seem to be differences, particularly in 
regard to higher age groups with depressive symp- 
toms and previous obsessional personality. Huston 
and Locher (1948a) compared treated and control 
groups of manic depressive cases and found that 


whereas in the control group there was a longer 
illness in the older age group when there were more 
severe symptoms, atypical features, and psychogenic 
onset, these findings were not applicable to the 
group given shock treatment. 


Definitions 


Family History.—The ‘* family ” included all blood 
relatives of four generations. There was often a lack of 
detailed, first-hand information in regard to psycho- 
logical illness amongst relatives, and the diagnostic 
categories were thus, of necessity, inexact, no attempt 
being made to define the terms rigidly. 


Neurotic Traits in Childhood.—The history of childhood 
behaviour included evidence of features such as temper 
tantrums, night terrors, enuresis, undue fearfulness, 
sleep-walking, stammering, nail-biting, or thumb-sucking. 
If three or more of these traits had been present, or any 
one to an extreme degree, the item was recorded as 
positive. 


Neurotic Traits in Adult Life.—Manifestations of 
abnormal psychological reactions not amounting to 
definite illness, i.e., not necessitating treatment. Such 
traits were undue anxiety, timidity, specific fears, night- 
mares, food fads, and hypochondriacal worries. Any of 
these present to a marked degree qualified the patient 
for inclusion in this group. 
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Ill-adjusted Personality.—A person poorly adjusted in 
the sphere of work or social relationships: frequent 
changes of occupation and failures in marriage or 
friendships, due to emotional reasons, were the main 
factors considered. Evidence of discharge from work 
because of instability, frequent absenteeism, many 
changes of job, and fluctuation of wage-earning capacity, 
were all of importance. 


Previous Personality.—Combinations of traits were 
investigated under headings of personality “types ”’, 
using well-known psychiatric terms, cyclothymic, 
schizoid, hysterical, obsessional, hypochondriacal, and 
psychopathic. In some cases, however, the terms were 
used in a more restricted sense than is customary. The 
‘*“cyclothymic”’ group included persons who showed 
exaggerated affective reactions. In all these cases there 
was evidence of periods of gloominess, despondency, and 
pessimism, with or without irritability, all in the absence 
of an adequate exciting cause. The affective response 
was characteristically labile and the unhappy moods 
were usually, but not invariably, separated by intervals 
of normality or undue cheerfulness. ** Schizoid ” 
personalities were those in which there was evidence 
of difficulty in achieving normal emotional contacts with 
other people, their behaviour suggesting a valuation of 
inner experience greater than that of outer objects or 
people. They were “ shut in”, dreamy, sensitive people, 
often eccentric, all with difficulties in personal relation- 
ships revealed by shy, reclusive behaviour. Persons were 
classified as “* hysterical ” if they were unduly responsive 
to the situation, especially if by their excessive response 
they could fulfil wishes of which they were hardly aware 
or evade what was painful in the situation (Lewis, 1946). 
Their actions suggested an over-valuation of, and over- 
indulgence in, phantasy, and showed the tendency to 
form personal relationships of a fleeting, superficial 
nature, and to behave histrionically. ‘* Obsessional ” 
personality was a grouping characterized by rigidity of 
behaviour patterns, the members being characteristically 
conscientious, scrupulous, clean and tidy to an extreme 
degree, either obstinate or submissive, and commonly 
troubled by doubts. Many showed minor obsessional 
traits such as unnecessary compulsive checking, counting, 
or touching, which were not complained of by the 
patient and did not interfere with his activities suffi- 
ciently to be classed as symptoms. Not all of these 
traits were present in each case but always there was the 
felt need for rigidity and order in some important aspect 
of life. A “ hypochondriacal”’ person paid “a con- 
tinuous attention to (his) state of health with or without 
the tendency to ascribe a disease to himself from insigni- 
ficant signs *’ (Bleuler, 1924). There was a persisting 
** body awareness ” not amounting to hypochondriasis, 
as defined later. ‘‘ Psychopathic personality was here 
used in a restricted sense being limited to “* sociopathic 
personalities *’ (Curran and Mallinson, 1944) including 
inadequate people with shallow, changing, emotional 
reactions and a poverty of will-power and determination, 
the aggressive, explosive, amoral and often delinquent 
persons, and those eccentrics whose odd behaviour 
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brought them into conflict with society. These cases 
constituted in fact an extreme section of the ill-adjusted 
personalities. 


Sudden Onset.—A rapid deterioration to the condition 
on admission, occurring within the space of eight weeks. 


Physical Precipitation.—Organic illness or injury was 
associated with the onset of the mental disturbance. 
Such physical factors included febrile colds, tropical 
diseases, bronchitis, and loss of a leg. 


Psychological Precipitation.—The onset of the illness 
was associated with psychological stress occasioned by 
disturbance in the environment. These disturbances, 
such as bereavement, marital problems, and difficulties 
at work, would have caused distress to a normal person 
but here led to an extreme reaction, manifest in illness. 


Insight.—The capacity of a patient to understand the 
nature of his iliness : good insight implied a recognition 
of the “mental” or ‘ psychological’ quality, with 
some understanding of the more obvious factors in the 
causation. 


Emotional Lability.—Rapid changes of mood occurring 
within the space of a few hours. 


Self-reproach.—A falsely derogatory self-estimate, 
with self-blame, especially in regard to abilities or moral 
qualities. 


Retardation.—Difficulty in thinking to an end and in 
initiating action, as manifest in talk and other behaviour. 


Suicidal Attempts.—Efforts to injure the self in such a 
way that the subject might have expected death to ensue. 
In the distinction between histrionic behaviour and 
suicidal attempts, factors such as method, persistence, 
intelligence, were considered. Doubtful cases were here 
classed as being genuine 


Nihilistic Ideas.—Negation of the self or a part of the 
body. 


Anxiety.—A subjective state of “‘ expectation but not 
certainty of something unpleasant happening * (Lewis, 
1936a) accompanied by objective signs such as tenseness 
of the musculature, perspiration, tremor, tachycardia, 
and restless movements. In this investigation the 
presence of such objective evidence was a sine qua non. 
Agitation, commonly described separately, was here 
included under the heading of anxiety. 


Depersonalization.—The expression by a patient of a 
feeling of change in his relationship, as a person, to the 
outer world, as compared with a former state. This 
change was experienced as being either in himself or in 
the objects around him. All feelings of unreality were 
included under this head. 


Hypochondriasis.—*‘ Physically unjustified or exag- 
gerated bodily complaints ” (Brown, 1936) : an extreme 
form of the hypochondriacal personality trait defined 
earlier, distinguished by the fact that it was a feature of 
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an illness, that caused a definite interference with a 
person’s activities and well-being. The symptom either 
had not been present before the onset of the illness, or 
only in a much milder form. Three degrees of severity 
were recognized, varying from anxious preoccupation 
with, and over-concern about, body sensations exper- 
ienced by “normal” people (mild), to belief in the 
existence of a physical illness (moderate), and settled 
conviction of gross physical illness usually incurable 
(severe). 


Affective Incongruity.—Evidence of an emotional 
response not in keeping with the circumstances or topic 
of conversation. 


Irrelevance in Speech.—A neglect of the usual logical 
sequences, occasioned by no external stimulus. In 
conversation topics were changed without any apparent 
meaningful connexion. 


Hallucinations.—False perceptions related to auditory, 
olfactory, or visual senses. In a few cases it was difficult to 
assess whether sensations described were hallucinations, 
illusions, or vivid mental images. If there was any 
doubt the item was recorded as being negative. 


Delusions.—Beliefs not justified by direct reference to 
the facts and not shakable by reason : hypochondriacal 
delusions were not included here as they came under 
the heading of hypochondriasis. The delusional ideas 
varied from misinterpretations of happenings in the 
environment, and attribution to such happenings a 
special reference to the subject, to beliefs of being 
influenced preternaturally, and paranoid delusions with 
a logically consistent system based on false premises. 


Hysterical Attitude.—Symptoms, physical or psycho- 
logical, associated with an excessive emotional response 
by which unconscious wishes were fulfilled or un- 
pleasantness avoided. It was associated in almost all 
cases with hysterical personality traits and other psycho- 
neurotic features. It was difficult to assess such reactions 
unequivocally and the accuracy of the figures was in 
doubt. 


Obsessive Compulsive Symptoms.—A_ subjective ex- 
perience of compulsion in regard to thought or action 
which was resisted by the patient, as being foreign to his 
personality. 


Summary 


An investigation was carried out in an attempt to 
establish more precise indications for convulsive 
therapy by means of a statistical assessment of the 
significance of individual clinical features in regard 
to the immediate outcome of treatment. 

One hundred and fifty unselected cases were 
studied but, as there was reason to assume that 
treatment had been inadequate in some, 127 only 
were chosen for detailed analysis. 

Statistical methods were employed to estimate 
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THE AUGUST (1953) ISSUE 


The August (1953) issue contains the following papers :— 


Tumours of the Glomus Jugulare. By R. A. Henson, J. V. Crawford, and J. B. Cavanagh. 

The Pathological Report of a Case of Phenylpyruvic Oligophrenia. By J. A. N. Corsellis. 

Nervous Discharge from Small Painless Lesions in Skin and Muscle. By P. W. Nathan. 

The Examination of the Cerebrospinal Fluid and Cerebral Cyst Fluid by Paper Strip Electrophoresis. By J. N. Cumings. 
The Early Diagnosis of Tumours of the Cauda Equina. By John N. Milnes. 

Nocturnal Myoclonus. By Charles P. Symonds. 

Familial Hemiplegic Migraine. By C. W. M. Whitty. 

Periodic Paralysis. By Edwin R. Bickerstaff. 

Ribosuria in Muscular Dystrophy. By W. B. Matthews and M. J. H. Smith. 

Personality Changes After Operations on the Cingulate Gyrus in Man. By P. MacDonald Tow and C. W. M. Whitty. 
Photo-metrazol Sensitivity in Catatonic Schizophrenia. By D. M. Leiberman and J. Hoenig. 

Electromyographic Studies of Emotional States in Normal Subjects. By P. P. Newman. 


A number of copies are still available and may be obtained from the Publishing Manager, British Medical 
Association, Tavistock Square, W.C.1, price 12s. 6d. 
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Lectures on the Scientific Basis of Medicine, Vol. 1. 
British Postgraduate Medical Federation. (Pp. 396: 
6 plates. 30s.) London: The Athlone Press. 1953. 


It is difficult for anyone engaged in the close study of a 
branch of medicine to find time to read exhaustively in 
other fields of knowledge, and this book offers in a small 
space an account of fundamental advances in a variety of 
fields. It is a selection from a series of lectures given in the 
winter of 1951-52, and there can be no doubt of the wide 
range of the subjects with which it deals. For those who 
have previously been daunted by the complications 
involved in the physiology of vision or the coagulation of 
the blood, there are chapters clearly and authoritatively 
describing the present position. Many readers will find 
themselves on more familiar ground in the chapter 
dealing with current clinical problems such as A.C.T.H. 
and blood pressure, but among the most interesting 
sections are those on subjects hardly dealt with at all in 
medical textbooks, and of these the chapter on ‘“*‘ Growth 
in Adolescence ”’ stands out. 

This excellent book deserves to be widely read, and 
it will be a misfortune if it suffers the fate of many 
collected lectures, and by appealing to all is read by few. 


Stereoencephalotomy : Part I. Methods and Stereo- 
taxic Atlas of the Human Brain. By E. A. Spiegel and 
H. T. Wycis. (Pp. 176; 79 figures. 60s.) New York : 
Grune & Stratton. 1952. 


Stereoencephalotomy has proved a valuable research 
weapon in animal neurophysiology and in recent years 
the authors have been exploring its clinical possibilities. 
In this first volume they present the methods employed 
and have prepared a stereotaxic atlas of the human brain 
based on a study of 30 specimens. The atlas is beautifully 
produced and the apparatus employed is clearly 
described. One of the major early difficulties was the 
impossibility of using skull landmarks as fixed reference 
points, due to the variability of the human skull. The 
stereotaxic atlas has been based, therefore, on intra- 
cerebral reference points, either the calcified pineal 
gland when this was visible in radiographs, or the position 
of the posterior commissure deduced from pneumo- 
encephalography. It was found that this latter method 
was essential when a very small intracerebral lesion 
had to be produced. 

It is clear that the authors have gone far in producing a 
method whereby focal intracerebral lesions can be 
produced, and neuroanatomists and neurophysiologists 
will be especially grateful for this volume and the fresh 


facets which the work illuminates. The possibilities 
of its use in psychosurgery, in the relief of pain and in 
involuntary movements are also apparent, and the 
clinical volume on this subject will be awaited with 
interest, although it is likely that the method will remain 
in the hands of a few workers. 


Les Aspects Neurologiques des Malformations Con- 
génitales de la Charniére Cranio-Rachidienne. By 
Raymond Garcin and Doros Oeconomos. (Pp. 206; 
94 figures. Fr. frs. 2,015.-) Paris: Masson & Cie. 
1953. 


During the last 20 years there have been occasional 
reports in the literature of single cases, or small groups 
of cases, in which diverse neurological disorders have 
been related to a curious bony abnormality at the junction 
of the cervical spine with the skull. This abnormality 
is variously spoken of as basilar impression, basilar 
invagination, and platybasia, and in brief it amounts 
to an upward protrusion of the vertebral column into 
the posterior cranial fossa. It can be demonstrated 
radiographically in a lateral projection in which the 
tip of the odontoid process is found to lie above 
** Chamberlain’s line ’’, a line drawn from the posterior 
edge of the hard palate to the posterior margin of the 
foramen magnum. In most cases this is a congenital * 
abnormality, although it may be acquired in later life 
in some bony dystrophies such as Paget’s disease in 
which the softened skull may be said to subside on the 
vertebral column like a leaking balloon fixed to the top 
of a pole. 

In a scholarly monograph, Garcin and Oeconomos 
have collected a vast amount of data about this condition 
and the closely related one of atlanto-occipital fusion or 
occipitalization of the atlas. They describe the numerous 
associated abnormalities, such as the Klippel-Feil 
syndrome and the Arnold-Chiari malformation, syringo- 
myelia, etc., and give a good account of the neurological 
pictures which may be encountered. In the majority, 
the lesion affects chiefly the spinal cord, but in some 
there may be increased intracranial pressure and the 
clinical picture is that of a brain tumour without much 
in the way of localizing signs. Knowledge of the presence 
of one of these cranio-vertebral abnormalities may 
simplify diagnosis and point the way to treatment, and 
obviously this is information which should be in the 
hands of every neurologist, neurological surgeon, 
orthopaedist, and radiologist. 

The authors are to be congratulated on the clea’ 
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presentation of their survey of the literature, as well 
as of their own personal observations. There is a 
comprehensive bibliography and the radiographs and 
clinical photographs are excellent. 


Diagnostic Tests in Neurology. By Robert Wartenberg. 
(Pp. 228; 62 figures. 33s.) Chicago: Year Book Pub- 
lishers Inc. (Distributed in Great Britain by Interscience 
Publishers Ltd.) 1953. 


This small book is put forward as a postgraduate 
refresher course in neurological diagnosis, and the tests 
described are simple clinical tests. They are not new, 
but the author has selected those that he has found most 
useful, and he describes in detail how they should be 
performed, what is their physiological basis, and what 
conclusions can justifiably be drawn. The book is 
readable, almost conversational in style, and being 
based on the author’s considerable experience as a 
teacher, it provides as good a substitute as possible 
for instruction in physical signs at the bedside. Although 
intended for general practitioners, it will be read with 
pleasure and profit by neurologists. 


The Course of Disseminated Sclerosis (A Close-up of 
105 Attacks): Method for Evaluating Therapeutic 
Approaches. By Paul Thygesen. (Pp. 268.) Copenhagen: 
Rosenkilde and Bagger. 1953. 


This work describes a careful study of 60 cases of 
disseminated sclerosis, and the clinical changes occurring 
in them during periods averaging 18 months. It includes 
a study of the effects of anticoagulant therapy with 
‘“ synparin *’ (dicoumarol) on 35 patients. The dosage 
used was sufficient to cause bleeding in 24 of the patients, 
but in spite of this the author concludes that “ anti- 
coagulation therapy was unable to alter the course of the 
disease.” The primary object of the publication is, 
however, to give a highly detailed account of the course 
of the disease over a period long enough to include a 
significant number of “‘ attacks” or relapses, but not 
too long for continued accurate observations. Such 
a study is especially helpful in the very difficult 
problem of assessing the practical value of treat- 
ment. The author concludes that “‘ observation of 
50 patients or less, in the course of a maximum period 
of one year warrants an evaluation of the result of 
attempts at causal action on at least those factors which 
are at present considered pathogenic.” He supports the 
conclusion of Schaltenbrand that any treatment which 
has ** weniger Erfolge als 50% Remissionen bei akuten 
Schuben”’, is probably harming the patient. 

The first 170 pages of this book include a useful 
review of previous papers on the course of the disease, 
an account of the procedure used by the authors in 
their 1,545 examinations of the 60 patients, a definition 
of the word “attack ”’, and general conclusions from 
the whole series. The following 80 pages give details 
of the case histories. A list of 157 references concludes 
this useful work. The book is well produced and printed 
but has a few misprints. While most of these are 
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unimportant, the use of the word “ impairment” in 
mistake for “improvement” in the quotation on 
p. 158, might cause some misunderstanding. 


Stammhirn und innere Erkrankungen. Kasuistik, 
Statistik und Kritik am Beispiel Stammhirnstecksplitter- 
verletzter. By H. W. Wedler. (Pp. 335; 66 figures. 
DM. 69.-) Berlin: Springer-Verlag. 1953. 


This monograph attempts somewhat laboriously to 
investigate the evidence concerning the effect of lesions 
of the brain-stem on the occurrence of various dis- 
orders such as peptic ulcer, hyperthyroidism, blood 
pressure disorder, and diabetes mellitus, for which 
brain-stem disorder has been suggested as a cause in 
recent medical writings. 

The material used for this investigation is a series of 
60 cases selected from over 2,000 cases of brain wound 
in which a missile (often a small metal fragment) had 
penetrated the region of the brain-stem. These 60 
cases are each described in detail. 

Apart from the fully established pituitary and hypo- 
thalamic syndromes (such as diabetes inspidus, adiposity, 
and genital disorder) the findings of this study are 
largely negative as regards the effect of these lesions 
on conditions such as peptic ulcer, hyperthyroidism, etc. 
Neurologists who are interested in brain-stem lesions 
will find much worth studying in this work. 


Medicine. Edited by Hugh Garland and William 
Phillips. In 2 vols. (Pp. 2,146; 167 plates. £6). 
London: Macmillan. 1953. 


This work in two volumes and over 2,000 pages 


contains contributions from 42 authors. It attempts 
something more than a simple reformulation of the 
conventional principles and practice of medicine. In 
the first half of the first volume are considered two of the 
wider implications of medicine which have come to 
influence greatly the outlook of our day. The borderland 
—perhaps one should say rather the “ heartland ’— 
where psychological medicine in its widest aspects 
interacts with physical, is dealt with both in sections on 
psychosomatic medicine and more formal psychological 
medicine and in the general evaluation of symptoms and 
the taking of a medical history. The place of medicine 
in society—social medicine both in the sense of public 
health work and of the newer viewpoint which the late 
Professor John Ryle, himself a contributor here, out- 
lined in his *‘ Changing Disciplines ’’—is also considered. 
This part therefore forms to some extent a prolegomenon 
to a philosophy of medicine and provides a setting for 
subsequent sections and the second volume, in which 
systemic diseases are separately treated. Most doctors 
who think on their vocation will welcome this approach, 
even if they disagree with details. 

In the second volume Dr. Garland writes the section of 
some 250 pages on the nervous system. The subject is 
dealt with from the viewpoint of daily neurological 
practice, and those diseases which are in fact commonly 
met with are allotted appropriate space, while rarities, 
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even though interesting, are more briefly mentioned. 
This should increase the reference value of the book to 
both students and practitioners. It is seen to special 
advantage in the sections on peripheral nerve syndiomes 
in upper and lower limbs, where much deadwood 
of theoretical aetiology is abandoned in favour of clear 
descriptions of the clinical picture and setting of the 
lesion. Brevity must at times entail an apparent dog- 
matism, and there are some statements which are 
controversial. That “* nasal sinus infection is never a 
cause of retrobulbar neuritis ’’ seems contraverted by 
recently published cases. Not all would agree that 
iodides, mercury and bismuth now have no place in the 
treatment of general paralysis of the insane, nor that the 
picture of juvenile general paralysis of the insane is like 
that in the adult. It is difficult to see why, in the 
treatment of narcolepsy, ephedrine, which is relatively 
ineffective, should be preferred to amphetamine, which 
often produces virtual control of symptoms. It is 
perhaps to be regretted, in a work that is otherwise so 
practical, that there is no attempt to deal with the general 
principles of palliative treatment which inevitably looms 
so large in chronic neurological disease. However, these 


are minor criticisms of an article which undoubtedly 
contributes an up-to-date picture of neurological practice. 


The Case Against Psychoanalysis. 
(Pp. xii + 179. 10s. 6d.) London : 
tions. 1953. 


This little book is recommended reading for psycho- 
analysts, psychotherapists, psychiatrists, and neurc- 
logists, even if only as a bed-side book. The author’s 
style is vigorous and forthright to a fault, and there is 
not a dull passage in his sustained polemic. Although, 
from the point of view of those of moderate opinion, he 
greatly over-states the case, and is not prepared to give 
credit to Freud for the very real advances and discoveries 
he made, yet much that is said is pertinent and sensible 
and badly needs saying. 

There are many basic tenets of psychoanalysis which 
are dogmatically asserted but still scientifically not yet 
established. Many of these contain an element of truth, 
but are probably not true without exception. Freud 
maintained, for instance, that the mistakes of everyday 
life were unconsciously motivated ; this was a novel 
and revolutionary idea and is, no doubt, true in some 
cases. When, however, it asserts that every error, how- 
ever trivial or accidental, is motivated, psychoanalytic 
theory steps beyond the bounds legitimately set by 
scientific caution. The Freudian generalizations which 
Salter attacks include the pan-sexual theory of motivation, 
** penis envy ”’ as a universal factor in the psychology of 
women, the ethnic and cultural universality of the 
Oedipus complex, and the death instinct. Psychoanalytic 
technique, particularly that of dream interpretation, is 
critically analysed. The psychoanalytic claim that 
criticisms which do not stem from those who have been 
analysed need not be heeded, is rightly pilloried. And 
there is an interesting account of the statistical results of 
psychoanalytic treatment. The largest study of this 


By Andrew Salter. 
Medical Publica- 
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kind was that of Knight, and included 952 cases fiom 
the psychoanalytic institutes of Berlin, London, Chicago, 
etc. Of these 736 were cases of psychoneurosis, sexual 
disorder, and conditions supposed to be especially of the 
kind to merit psychoanalysis. Of these 736 patients, 205 
were regarded as failures through breaking off treatment 
in under six months, 212 made no or no significant 
improvement, 172 were much improved and 157 were 
** cured ’’. These results, which are little better than those 
obtained in normal psychiatric out-patient clinics, 
would hardly seem to be a sufficient justification of 
the very expensive and time-consuming psychoanalytic 
technique. 
Although the author has provided a work which is 
always readable, often stimulating and sometimes 
amusing, One may wonder whether the weight of the 
argument would not have been better served by a more 
dispassionate presentation. 


General Theory of Neuroses. By 
(Pp. 468 ; illustrated. 70s.) 
1952. 


In Switzerland the links between psychiatry and 
biology have always been strong. August Forel was an 
outstanding example of this. Professor Brun, as a pupil 
of Forel, concerned himself closely with the behaviour 
of ants and other insects before he became immersed in 
the problems of neurology and psychopathology. The 
current of adverse opinion which caused the term 
** instinct ”’ to fall into ill repute among psychologists has 
rather passed him by, and the present volume is largely 
concerned with analogies between instinctual behaviour 
in ants and the drives in human beings postulated by 
psychoanalytic theory. It is composed of lectures 
delivered in the University of Zurich to a mixed medical 
and lay audience; the exposition is therefore fluent 
rather than precise, stimulating rather than critical. 
Professor Brun is aware of the recent European work on 
comparative psychology, such as that of Lorenz and 
Tinbergen, but he is unacquainted with the extensive 
American literature and falls into some well known 
pitfalls in equating human behaviour with that of other 
animals, especially insects and birds. His account of 
psychoanalysis is broadly correct, but superficial. 


Rudolf Brun. 
London : Allen & Unwin. 


The Prediction of Performance in Clinical Psychology. 
By E. Lowell Kelly and Donald W. Fiske. (Pp. 311; 
30 tables, 7 figures. 40s.) London: Geoffrey Cumberlege. 
1953. 


This book describes a research project which took 
five years and involved well over 50 people and, as 
far as can be seen, most of the United States of America. 
Its aim was the selection of clinical psychologists by 
objective methods. Students were tested at the begin- 
ning of their training, and the test scores compared with 
later performances. 

Although the authors apparently realize, as stated on 
p. 114, that “* the value of a research project is a function 
of its eventual impact on theory”, this does not seem 
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to have deterred them from becoming involved in a 
scheme which, by its very nature, was incapable of 
theoretical implications, and in addition, seems to have 
had largely negative results. 


Abnormal Psychology. By D. B. Klein. 
589; illustrated. 40s.) London: 
Unwin. 1952. 


The author is Professor of Psychology in the University 
of South Carolina, and his book is planned as a textbook 
for the use of university students who will take a degree in 
psychology. It is, therefore, based on a background 
which is unfamiliar to the British reader, as the subject 
matter in this country would be regarded as exclusively 
medical, but is here presented for the instruction of non- 
medical students. Like other products of the American 
psychological school, such as the *“* Abnormal Psycho- 
logy’ by James D. Page, it covers the subject matter 
of psychiatry with a degree of scholarship and objectivity 
which is of less frequent occurrence in American schools 
of psychiatry ; nevertheless it cannot but suffer from its 
defect of being based on an other than clinical back- 
ground. This weakness is particularly noticeable when 
methods of treatment, especially the physical methods 
such as insulin coma, are considered; but throughout 
the work the lack of bedside experience makes itself felt. 
However, the somewhat theoretical approach of the 
author has its advantages as well as its disadvantages, 
being seen in the adequate account which is given of 
historical development in the various branches of the 
subject, and in the unbiased though sometimes in- 


(Pp. xviii + 
George Allen and 


conclusive weighing up of opposed hypothetical formula- 
tions. 


The Threshold of the Abnormal. 
(Pp. xvi — 473 ; 30s.) 
1952. 


As with Professor Klein’s work, noticed above, the 
author of this work is a professor of psychology in the 
U.S.A. The field covered, however, is considerably 
narrower, and instead of embracing almost the whole of 
psychiatry, is restricted to a consideration of the 
theoretical nature of normality and abnormality, the 
causes of abnormality, and the diagnostic and thera- 
peutic aspects of deviations of personality. The approach 
is neo-Freudian. His earlier career having been spent in 
Berlin, the author is familiar with the European as well 
as the American literature; and at the end of every 
chapter a very large list of references is provided. The 
work will be found useful by students of psychoanalysis. 


By Werner Wolff. 
London : Medical Publications. 


A Textbook of Mental Deficiency, 8th ed. By A. F. 
Tredgold. (Pp. xvi + 546; 48 plates; 37s. 6d.) 
London: Bailliére, Tindall & Cox. 1952. 


The unquestioned preeminence of this book in the 
literature of mental deficiency has been maintained 
through the unremitting labour of Dr. Tredgold, who did 
his utmost to keep it up to date. For the present edition 
the sections on aetiology, educational disabilities, and 


285 


legal enactments have been partly rewritten. Though in 
the application of psychological tests and recent genetical 
knowledge the author was unable to keep pace with 
rapid technical and theoretical developments, his work 
remains the fullest general textbook on the whole subject. 
It is much to be hoped that it will receive in future editions 
as thorough revising attention as its distinguished 
author gave it, and will at the same time be pruned in 
some sections, chiefly of historical interest or reflecting 
Dr. Tredgold’s personal view of biological and kindred 
matters on which opinion and evidence have turned in 
other directions than that which he preferred. 


Notes on Mental Deficiency. 
W. A. Heaton-Ward. (Pp. 48; 15 figures. 3s. 6d.) 
Bristol : John Wright and Sons. 1953. 


. This little booklet provides in highly compressed form 

all the information about mental deficiency which most 
practitioners require. The legal aspects of deficiency are 
particularly well covered, and there are sections on the 
legal classification of defectives, ascertainment, reasons 
for action under the Acts, Orders under the Act, etc. 
Clinical description, aetiology, pathology, and the medical 
sides of deficiency are not so satisfactory, but at least 
enough of the right kind of information is provided to 
delight the candidate for a psychiatric diploma. One may 
expect that the booklet will find its way on to the shelves 
for ready reference in time of difficulty not only of 
general practitioners but also of neurological and 
psychiatric consultants. It is to be hoped that, if so, 
in later editions, somewhat fuller information is included 
about the frequency of different forms of mental 
deficiency, demographic aspects, and genetics. 


By J. F. Lyons and 


New Concepts of Hypnosis. By Bernard C. Gindes, 
with Introduction by Robert M. Lindner. (Pp. xvi + 272. 
15s.) London : George Allen and Unwin. 1953. 


In the compass of a short and easily read book, 
the author provides an account of the history of 
hypnotism, its theoretical aspects, mechanisms, physio- 
logy and psychology, and then turns to its practical 
applications. The new concepts, referred to in the title, 
are, essentially, that the psychotherapist should make 
use of the hypnotic state, as one in which the patient 
is more than normally accessible, for the application of 
standard psychotherapeutic techniques, especially those 
depending on psychoanalysis. As generally applied, 
hypnosis is used solely for suggestive therapy, and 
though the author points out various problems with 
which the suggestive application of hypnosis can be 
useful, he believes this constitutes only a small part 
of its range. 

The book is written informatively and in a reasonably 
critical and objective way ; if it has the effect of turning 
the attention of responsible medical men to this interest- 
ing but often misused weapon, it will prove beneficial. 
It is much to be regretted that some of the surprising 
results which are claimed, e.g., in producing hypermnesia, 
are still insufficiently established and investigated, 
though these claims have certainly not been refuted. 
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Cowdry’s Problems of Ageing : Biological and Medical 
Aspects. Edited by A. I. Lansing. 3rd ed. (Pp. 1061 ; 
215 figures. 114s.) Baltimore: Williams & Wilkins 
Company. London: Balliére, Tindall & Cox. 1952. 


This new edition appears in a revised form under the 
editorship of A. I. Lansing. The biological, clinical, 
and social aspects of ageing are discussed by 48 con- 
tributors. The various essays are, on the whole, short 
and well balanced reviews, and most of the contributors 
helpfully point out the many problems still awaiting 
investigation. The chapter on the nervous system provides 
much information of the advances made in the last 
decade in the histological, neurological, and psychiatric 
aspects of ageing. Other chapters deal with the eye, the 
ear, the endocrine glands, and with functional and 
structural alterations in the kidney in the aged. The 
chapter on experimental hypertension is well annotated 
but one wonders how necessary this topic is in a 
symposium of this nature. The chapter on rehabilita- 
tion and the other social problems of ageing will be of 
interest to workers in this country at a time when 
energetic measures are being taken to counteract the 
consequences of a progressive increase in ageing in -our 
population. 
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Gynakologische Organneurosen. _Einfiihrungsvorles- 
ungen in die Psychosomatik. By Hans Roemer. (Pp. 
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1953. 
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